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PKEFACE. 



Many, perhapa, on looking at this volume will be dis- 
posed to ask, '* What is Phy&ical Geography?" To this 
question (which, under existing cii'cumstancea, is not inex- 
cusable) I would reply that it is the department of science 
which embraces the course of Physics reigning on the 
earth's surface, over land, sea, and air, and of which, as it 
depends to some extent on the featiu*e of that sui'facc, 
Geography is a function. 

Physics (from the Greek tpOm?, nature), or the various 
branches of the science of nature ordinarily combined 
under the name of Natural Philosophy, have for subject not 
inert matter merely as such, but the properties, motions, 
and other incidents of bodies, their mutual relations, their 
causes and effects. Nature is regarded by the phUosopher 
as an organic whole, connected throughout and regulated 
by laws. In his language the word Physical always refers 
to nature thus conceived, to its rational principles and 
its laws. Thus, while Descriptive Astronomy depicts the 
heavens and enumerates the various bodies that revolve in 
them, Physical Astronomy explains how they are governed 
in all their movements by gravitation. 

Immanucl Kant, the great philosopher who first drew 
attention to Physical Gcogi'aphy, was disposed to allow it 
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a very wide range. In discussing it be roved through all 
nature. Dr. J. C. E. Schmidt, whose work on the subject 
is in the mathematical treatment most complete, and Dr. 
Maedler, the Astronomer, have both viewed Physical 
Geography as a part of the Philosophy of the universe ; 
and it occupies no small part of A. von Humboldt's 
' Kosmos.' 

Sir J. Herschel describes it in the following words : — 
" We find ourselves thus introduced to the domain of 
Physical Geography, or the description of the actual state of 
the earth's surface in its three great divisions — land, sea, 
and air, as prepared for the habitation of organic beings, 
and as exhibiting the play of all those complex agencies 
on which depend the distribution of temperature and 
moisture, aerial and oceanic currents, and those conditions 
which, under the general title of climate, determine the 
abundance and limits of vegetable and animal forms." 
Thus as to the objects and scope of Physical Geography 
we are fully instructed by the eminent men who brought 
it into vogue. 

But about half a century ago, when physical science 
was little cultivated in England, some ardent students of 
Geology were pleased to collect those rudiments of 
Geography which are more immediately connected with 
their own pursuits, and converting them into superficial 
treatises of Geology, presented them to the public 
ennobled with the title of Physical Geography, the word 
physical being here used in its vulgar sense, to exclude 
moral, political, and other such considerations. In this 
sense it is evident that every book on Geography includes 
Physical Geography. 

In the writings of Sir Charles Lyell and of Sir R. I. 
Murchison, the expression Piiysical Geography always 



rREl'ACE. 



VII 



signifies merely the conformation of the earth's surface. 
Mr. B. Jukea defended this as the correct application of 
the name. When these authors teU us of frequent changes 
in the physical geography of the earthy we must under- 
stand them to speak of an altered couformation or change 
iu the distribution of sea and land. It is obvious that in 
tills sense Physical Geography canuot be a science ; yet it 
is often appealed to as such, The same confusion of ideas 
has descended to the disciples of the above-nnnicd founders 
of Geology ; and we have at present numerous treatises on 
Physical Geography which are in reality merely outlines of 
Geology, without a trace of Physical Science. 

Under the patronage of the Royal Geographical Society, 
the study of Geography has been divided into two branches, 
viz. Physical and Political ; but the purpose or advantage 
of this division has never been explained. Indeed it 
would appear, from the published specimeus of the exami- 
nation papers, that no thought has been expended on the 
subject. Synclinal and anticlinal hues, escarpments, and all 
details pertaining to Geology belong to Physical Geography ; 
but mountains, rivers, and every thing else he equally 
within the province of Political Geography. In short, a 
feeble and useless attempt is made to distinguish between 
a description of the Earth and a description of the 
countries and kingdoms of the Earth, the natural philosophy 
involved with geographical considerations being in the mean* 
time forgotten. 

Some writers have included in Physical Geography the 
distribution of plants and animals over the earth. There 
is, however, a broad distinction between Physical Science 
tmd Natural History, and the attempt to blend them can 
never succeed ; for Natural History is made up of multi- 
tudiuous details. Species of plants and animals are 



VIU PREFACE. 

reckoned by thousands. But the generalizations of science 
ought to follow the particulars, and can be fully under- 
stood only by those well acquainted with the latter. An 
attempt to exphun the geographical distribution of plants, 
for example, if it does not give a full account of them, but 
only their names, must be dry and uninstructive ; but if it 
does give such an account, it is no longer Geography, but 
Natural History. 

Since the first sheet of this volume was sent to press, 
the number of asteroids discovered has been increased by 8. 
They now amount to 176. 

W. D. C. 

Kovnnber 20th, 1875. 
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Lunar ParaUax. — The Sud's Parallftjt — how found from tha Tranait of 
an InfBrior P]nnet. — ^Tha Sol&r System — its me^Bitude. — Superior and 
Inferior Plonots. — Asteroids.— Cometa. — ^Aspecta of Sim and Moon. — 
HxikI Stars — tlieir cln^deB and cumbers. — Binary and Multiple Stars. — 
NcliiilfE. — Parftllax of the Star?, — The Xebtilar Tti-potlieaia of Creiiitioa. — 
OpimoQB of Kant, IJt»rsGhel, and Ijiplace — Objections. 

Since Physical Geography baa for its object to catiblish the 
connexion of Physics \v\ik Gotijjrajiliy, or ia expliiin bow physical 
laws and phGnoiiu^na arc. mwlified by position on tho enrth's 
surface, we cannot commence the study of it more fitly than by 
making onrsGlves acquainted with the chief physical laws of the 
anivcTse and with the system visibly upheld and controlled by 
them. The science of nature compels us to carry our views 
beyond the earth. It is from obaen'ation of the heavens that 
we can best learn the nature of gravitation. For the eauie of 
the aUernation of night and day, and of the change of sensons, 
we must look to the earth rotating on lis axis, while revolving at 
the sjmie time in its orbit round the snn^ As to the primaeval 
condition of the earth when first csilled into esistouce, no attempt 
can be made to iuvestigato it without considering at the same 
time the origin of the system of which the earth is a member. 
The sky appears by day to be an azure vault*. Its colour, 

• Tho woid "slcye" in Dauifih BigTiiiiee"a cloud," and may possibly he 
coanechid in ongin with the Gt'eck trxii (a ekade). 

B 
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however, is not due to the distant heavens, hut to the terrestrial 
atmosphere, which, by absorbing a certain portion of the light, 
colours that which it transmits. Conseqnently when viewed 
from a considerable elevation, where the air is much rarefied, the 
sky appears almost black. As soon as the more dense atmosphere, 
retentive of iUnmination, is left behind, the eye discovers a dark 
unfathomable abyss, which, being penetrated by it equally in all 
directions, seems to have the form of a vanlt or concave sphere. 

The splendour of the sun above the horizon extinguishes all 
other objects in the visible heavens. But after sunset, and when 
twilight is at an end, the sky resumes its natural darkness, ^"ith 
innumerable stars, minute fountains of light, irregularly scattered 
over it. These are to ordinary perception immovable with 
r^pect to each other, and keep the same relative positions from 
age to age. The whole spangled canopy moves with perfect 
constancy from east to west, or from the left to the right hand of 
one looking sonthwards (in the northern hemisphere), and makes 
the circuit of the heavens in the sidereal day, which is the true 
or perfectly constant unit of time, being equal to 23 hours 56 
minutes, and 4*09 seconds of mean solar time. The sun, par- 
ticipating in the general diurnal movement of the heavens from 
east to west, moves also from west to east among the stars at the 
mean rate of 59 minutes, 8 seconds of space, or nearly twice its 
own diameter, in a day, so as to complete the circuit of the 
heavens in the tropical year, or 365 days 6 hours 9 minntes and 
9-6 seconds. The apparent dinmal revolution of the collective 
heavens is obviously due to the earth's rotation on its axis, the 
real motion of the spectator causing the apparent motion of the 
scene before his eyes. The sun's apparent course among the 
stars is, in like manner, the effect of the earth's advance in its 
orbit. The earth, while rotating on its axis, also goes forward in 
its path ; and the sun therefore seems to go in the opposite direc- 
tion. ^STien the earth's dinmal rotation is complete with respect 
to the stars, it must still continue for 3 minutes 56 seconds in 
order to come up with the sun and complete the mean solar day 
of 24 hours. 

In the zone of the heavens immediately about the ecliptic or 
sun's path, and which is called the Zodiac, from ^uBtovy a figure 
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of an aniuial, iKJcause the stars within it wcro, for convenient 
rciferenc*!, ancieutlj gronped into such ijiiafj;iiiary figures, may 
be Bopn a few gnmll bodies, hardly difttinf^nislijible by the naked 
eye from stars, thouj^h differing from them in Lavinj^ measurable 
disks as woU as motions generally direct or frum west to east, yet 
uIk), in some inatancps and at certain periods^ from east to west, 
or rotro^jTade. Some of them niakiii in the course of years, by 
what appears to be a very complicat-ed path, the circuit of the 
heavejis. Others never extend their excm-sions beyond a limited 
distimce from the sun. These bodies are called Planets, or wan- 
derers ; and close observation discovers that they all revolve round 
tbo aun, nearly in the same plane, which is called the plane of 
the echptie, because in it alone take place the eclipses of the sun 
and moon ; tbat the earth is one of the same class, being itself a 
planet ; and that the apparent complexity of the planetary motions 
is due to the circuDiwtnnce that the proper motion of the earth 
round the sun is combined with those of the planets. If the 
earth, E (fig. 1), stood still while the planet 
P described its orbit ronnd the snn, from a ^iT- !• 

to b and back again, the path of P would be *^ 

a stjaight line back and for«=ard, supposing 
P's orbit and that of the earth to be in the 
same plane — or a compressed ellipse^ if the 
orbits be inclined to each other at a small 
angle. But if the earth, instead of standing 
still, constantly moves on in its orbit, the 
lino marking P's conrsp will continnaliy 
change its position ; tho altirnate move- 
ments of the planet back and forward will 
appear unequal, and the ellipse described by 
it will assume a new and convoluted form 
(fig- 2). 

The snUj by far the largest body in the solar system^ o<!capie8 
the centre, and holds all the planets in their orbite fay its attrac- 
tion ; for it can be porlectly demoni^trated that the rectilineal 
conrst? in which thty wonld bnrry along if left to themselves is 
converted by the central attraction into an elliptical orbit round 
the csDtral body. The attraction exercised by the sun in con- 
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sequence of its sarpassing magnitade, presents to the earth the 
most striking example of aniversal gravitation. The ancients 
did not regard the snn as the central body. They believed the 
earth to be the fixed centre ronnd which the son and all the 
bodies in the heavens moved in circles ; for they deemed the 
drcle the most perfect fignre. When movements 
decidedly not circnlar were subsequently detected 
in the heavens, they were referred to epicycles, 
or circles the centres of which revolve on other 
drcles (fig. 3). It is erident that by this contri- 
vance, with careful adaptation of the circle and its 
epicycle in respect of size and velocity of revolution, 
an ellipse or any other cur\'e may be approximately 
represented- 

The attraction of gravitation is manifest in its action ; bat to 
calculate its force it is necessary to know tlie distance between 
the attracting body and that attracted. Observation of the 
heavens generally reveals only proportional or relative, but no 
absolute, distances. Thus the distance of the sun from the earth 
is easily found to be about 400 times that of the moon ; but tho 
absolute and'exact distances of those bodies are not so discovei^ 
able. The distance of an unapproachable object can be found 
only by observation of its parallax, or that change in its apparent 
place which is caused by and corresponds with the spectator's 
change of place, the distance between his successive positions 
being known. The optical coincidence of one object j^g, 4, 
(a, fig. 4) with another more distant, h, takes place , 

only when the observer stands in the continuation 
of the line ab, which joins them both. When he 
moves away from that line, or from ff to A, the 
nearer object moves, in respect of the more distant, 
in the opposite direction, to c ; and the nearer it is 
to the observer, the greater will be its angular ~~*' 
motion. If the more distant object l>c a fixed star, then linos 
drawn from the observer to the star, whatever be his change of 
place, may be considered as parallel to each other, because, the 
earth being a mere point as seen from the star, any angle 
subtended by a portion of its surface most be wholly in- 
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appreciable. This being understood, let us suppose that at two 
observatoriea (a and b, fig. 5) widfly asunder and, 
to make, the case moro siniploj, uii the same 
meridmn, the moon's position be not*d at one und 
tbe same iastant, tbe efl'ect of the distance be- 
tween the observers will be evident in the circoin- 
Btanco that the moon will appear at the northern 
gbition to be fiirther south, at the southern fiirtbor 
north, among thp stars. The diiference between 
these two obsprv.itionsj or tho angle a M ^, is tbo 
parallax correisponding to the moasnred are between the two 
obsen-atones ; and frDm this again may be accurately deduced 
the angle PMC (tig. 6), the horizontal or 
maximum parallax (for 1)0**). This, called 
also the gp.oci?ntric purallaxj \b that which 
would be found by obseni-ationg made at the 
pole and the centro of the earth (were such 
observation possible), and is the recorded lunar parallax of aatro- 
nomers. 

The horizontal parallax of the moon, or the angle subtended by 
the earth's Bemidiameter as seen from the moon (fig. 7\ is found 
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to be 57' 2"-325. Consequently, as the sine (0-16577E)) of that 

angle is to radius (1), so is 31H3, the earth's polar ™ 

aemidinmetj?r, to the moon'a distance, or 238,793 

niilps, about 00 times that semidiameter. Again, it 

is obviona that when bodies are compared together 

at a tixed distance, their real and their ajijKirent 

magnitudes are in the same proportion. Now the 

earUi seen from tb& moon (E, fig. 8) has adiameter 

of 114' (double of the borlzontul parallax), wluie 

that of the nioou seen from thu earth is but 31^*7, 

It follows, theR'fore, that the moon is to the earth 

in diameti^r as 31-7 to 114, m volume aa 1 to 49- 

Tbe sun's parallax, owing to the distance of the luminaryjis so 
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small an angle that it is hard to determine it with the precision 
required by its importance ; for the smaller the angle the greater 
proportion do the inevitable errors of observation 
bear to the whole result. Were it possible to find ^^- • 

exactly the instant of lunar quadrature, or half- 
moon^ the sun's distance could be exactly derived 
from it for at that moment the hues S M and £ M 
(fig. 9), drawn from the snn and the earth to the 
moon, form a right angle, SMB. The angular dis- 
tance of iAie sun from the moon, S E M, may be 
learned from the dock. The three angles of the 
triangle being thus known, the mutual proportions 
of its sides are also known ; and therefore from the 
moon's distance, M E, already found, may be deduced 
the son's distance. But in this mode of proceeding 
the fundamental observation can never be satisfactory. 

A far better means of finding the parallax and distance of the 
son is afiforded by the transit of one of the inferior planets over 
the sun's disk. That of Venus, as being nearer to the earth, 
offers most advantage. Suppose the transit to be observed from 
two points on the same meridian, then the two tracks seen of the 
planet^s passage over the face of 
the luminary (fig. 10) will be at Fig. 10. 

some distance asunder and of dif- 
ferent lengths. At each place of 
observation the contacts, internal 
and external, of the planet with 
the sun's edge must be carefully 
noted at ingress and egress. This 
noting of time may be done with 
extreme precision, as the transit is 

comparatively slow. The length of each track is proportional to 
the time taken to perform it, which is easily observed. The size 
of the solar disk being well known, there can bo no difiiculty in 
placing the two obser\*ed chords accurately within it, and thus 
ascertaining the distance, m n, between them. But as the distance 
of Venus from the sun, V S, is to its distance from the earth, 
VE, so is the distance, mn, between the observed chords to the 
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true solar parallax, which is thus found, Thfl differing observq- 
tions of tnmsit made at difiiTent places, and not on tbo siimH 
meridian, are all condncive to accurate results, though hy means 
of mtricate calculations. But lii^re it ia enough to point out the 
general priucipk* and method of proceeding* 

Astronomers havo been long agreed in adoj)ting 8"'6, or more 
strictly S"-51f}G, as the best expression of the sun's parallax ; but 
obsen^ations with iiuproved instrunientii, together with theoreticiLl 
considerations of\great weight, recommend tho adoption of 8"' 8 9 
da a better estimate. This makes the sun's distance from tLe 
earth to he about 91,600,000 milft. This inereaso of the aolar 
parallax^ it may be observed, is less than the hnndred-and-eightieth 
part of a minute of space, or of the smallest point clearly visible 
to the naked eye j yet it has the effect of reducing by one twenty- 
eighth part the s&aU? of the whole solar syst«n, bringiiig the 
earth nearly four millions of miles and the polar planet Neptune 
100 millions of miles nearer to the sun *. Ha\-ing determined 
tbe distance of the central body and obaerred the movements of 
tlie planets about it, or the periodic times and %"ariiitions of speed 
with which the orbits are described, we thence deduce their real 
dimeuf^ions ; while the measurable disks of the planets, varying 
in size as they are more or less distant, afford additionid means 
of arriving by repeated obaerTution at accurate results. 

The bodies composing the solar system, with their relative 
magnitude, di.^tances from the centre, and densities, the unit of 
measure mider each head being furnished by the earth, are as 
follows : — 

Diameter. Distance. DeoBity. 

The Sun 107 0-25 

Mercury 0'395 0*387 1'12 

Ventis ^ 0-984 0-7233 Oit2 

The Earth 1 1 1 

Mars , 0-529 1-523 O'iJS 

The Asteroids 

Jupit-er 11 5-202 024 

Saturn 10 9-538 0-14 

Uranus 4-35 19-182 0-24 

Neptune 5'23 30'036 O'U- 

' A Diiiiute nf »pAce ifi about tlie Bmalleflt poiot pl&inlj diacdmible b 
human »yet 
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The equatorial diameter of the earth is 7924 statute miles ; that 
of the snn, therefore, being 107 times as much, will be S47,868 
miles. The distance of the earth from the smi, the miit of dis- 
tance of the preceding Table, is about 91,600,000 miles ; the dis- 
tance of Neptune therefore from the centre of heat, light, and 
graTitation is 2750 milUons of miles. The density of the earth 
seems to be about 5*53, that of water being taken as unit ; and 
the mean density of the minerals on its surface being not more 
than 2*66, it follows that its density most increase downwards till 
at the centre it is more than double of that at the surface. The 
density of Saturn, 0'14, being considerably less than that of water 
(0'181 when the density of the earth is taken as unit), that planet 
would appear to be no heavier than cork. 

The earth, the largest of the first four or inferior planets, is 
also distinguished from them by having a satellite. Jupiter, the 
largest of all the planets, its bulk being 1330 times that of the 
earth, has four satellites. To eight satellites, which are most of 
them discoverable only by very powerful telescopes, Saturn adds 
a peculiar appendage in the form of a flat hoop ring, or two or 
more rings lying close together. The satellites of Uranus, six in 
number, were discovered by Sir Wm. Herschel ; but as two of 
them have never been rediscovered by succeeding astronomers, 
their existence is now matter of doubt. These satellites present 
a remarkable singularity, their orbits being nearly perpendicular 
to the plane of the ecliptic, while their motion in these orbits is 
said to be retrograde. The great distance of Neptune secures 
bis attendants from observation, and as yet the existence of only 
two satellites has been perfectly ascertained. 

Mercury and Venus coming between the sun and earth, and 
confined in their excursions to a limited distance from the former, 
are called inferior planets, while the other five, beyond the earth 
or further than it from the sun, are styled superior planets. A 
more real distinction, however, appears to exist between the two 
groups, of four each, between which revolve the small planets or 
Asteroids. Among the characters which separate them may be 
mentioned their very different specific densities, the four planets 
next the sun having collectively a density five times that of the 
superior group or four remoter planets. 
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The attempts made to find empirical rules which might rednce 
io order the distaiicus hetweca the planets, led to the conjecturo 
that lietwwn Mars and Jupiter there remained unoccupied the 
spnce f<ir :i phiiiot. 

This sspeeulation obtaining vogue^ the discovery of a planet in 
the vacant space was long eagerly looked for. At length, oa the 
first night of 1800, the last jenv of the 18th oetitnrf , expectation 
was gratified hy the discovery of Ceres j and in the seven following 
years three more small planets, Juno, Pallas, and Vesta, were 
found in the same zone of the heavens. But these minute hodies 
did not quite meet the views of those who looked for a single 
planyt and a suitahle neighbour for Mars and Jupiter; and as 
thej seemed to be in some degree connected together by conti- 
guity of orbita and community of nodes, the opinion g:iined 
ground that they are but fragments of the missing planet. Thirty- 
eight years, however, elapsed ^vithont any ad<lition to their num- 
ber. At length the general improvement of telescopes and the 
bettor aeriuaintance ivith the small stars almnt the ecliptic, ren- 
dered e."Lsy by elaborate catalogues, have enabled astronomers, 
wiCldn the last thirtj' years, to pick up 144 more of these sup- 
posed fragments ; so that the Asteroidsj as these small bodies arc 
generally called, all describing elliptic orbits round the sun, now 
amount to 148. Most of these are telescopic olijects not larger 
perhaps than Sicily or Ceylon would be if rolled up and translated 
to the heavens. Their orbits are singularly int<.invoven, many 
pau's of them seem to have started from the same nodal point. 
Among their singularities may bo mentioned irregidarity of 
figure, for many of them are not spheroidal ; and also t!]e great 
development of the atmospheres, very ample and apparently 
dense, tliat enwrap these scarcely insible wandt-rers in the heavens. 

Tlie sun has, besides the planets, another retinue of a different 
character. A comet \s easily distinguished by its coma or hair- 
likc appendage, and by the brush of light, generally called a tail, 
which follows it to the perihelion or point of its orbit nearest to 
the sun and thenceforward precedes it Comets, like planete, 
revolve roimd and owe their light entirely to the sun. But while 
planetary orbits dift'er but little from circles, those of comota are 
extremely eccentric ; so that the comet, wMcb is visible for a few 
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days as it approaches the son, darts off again to the distance 
perhaps of Satom, and remains ont of sight for some years. To 
the orbits of many of the comets no limits can be assigned ; and 
even when the orbit is known and calcnlated, it is liable to be 
so changed by disturbance as to be no longer recognizable. The 
planets revolve all nearly in the same plane and in one direction^ 
whereas comets, both direct and retrograde, are confined to no 
plane, though they seem to be crowded abont the planes inclined 
at an angle of 45° to the plane of the ecliptic. Comets appear 
to have very little density. They might therefore be supposed 
to be formed of gas, if it were possible to understand how gas 
coold be confined to definite figure and volume without com- 
pression. 

The comets are probably much more numerous than the planets ; 
but they are still and perhaps will ever remain very imperfectly 
known, since, owing to their proximity to the sun when visiting 
'the planetary system, their passage of the visible heavens is 
chiefly or even generally performed in the day time. Those 
whose orbits and periods are ascertained are about 300, and are 
distinguishable into two classes, viz. one of short period (3 to 7 
years) and one of long period, or abont 75 years. But some seem 
to have periods of hundreds or even thousands of years. 

Halley's comet (1682), the first whose return was predicted, 
may be retraced with much probability through 2000 years, to 
the birth of Mitbridates. Encke's comet (1786) seems to draw 
closer to the sun at every return, as if destined to merge in the 
central body. Biela's comet burst in two during its appearance 
in 1826 ; and its fragments still continned their courses as separate 
bodies at no great distance asunder. 

Viewed with a good telescope the sun presents a surface 
resembling a slightly agitated sea in which the crests of the waves 
are peculiarly brilliant, while the whole is dotted over with black 
points like pores. According to recent observations the luminous 
ridges have the shape of willow leaves crossing each other in all 
directions, the angular interstices between them where they cross 
being the pores. The brilliant surface is often rent at a little 
distance from the equatorial region so as to disclose what seem to 
be piles of clouds, growing darker downwards till they terminate 
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in a black chiism. From ttiis it might be siippoaod that the body 
of thp sun lii^s ivnipt in total darknfSG, bonontb n d^nse and 
externally luminous utraosphfTf". But if it he considered that the 
shadows of clustered trees at a little distance on a summers day 
seem quite black, thongh in reality there is broad daylijifbt within 
them, it will be manifest that the strong contrast between th« 
Bun\s surface and the deep recesses of its spots, does not prove 
the absolnt** darkness of the latter. 

The niooUj thonj^^h of no importance in comparison ^-ith ihe 
smi, is hardfy a less-intt- resting objct't. It U obviously much the 
nearer of the twoj so near indeed that, aided by its changing phases, 
wp can plainly perceive \ts globularity. We learn frum it iJm 
wide difference between a selt-luniinous body and one that phinea 
only with reflected light ; for the light of the full moon, which la 
nearly as large as the auu, is at the utmost but j-jj-n^fl-orr of the 
sun 'a light. In the telescope the moon prcsenta a remarkable 
scene of aridity and Resolution, Ijeing covered with We rocks 
which have never been woni by rain or humidity, and with jilains 
deeply cracked in all directiona, :ind in pomo places calcined as it 
would seem to whiteness. Btit the chief peculiarity of Its aspect 
lies in the mnltitudo of circular hollows with raised edges^ com- 
monly c.illed craters, but wluch look more like traces of the 
bubhlea of a viscous fluid in a state of ebullition. 

The stars visible to the naked eye may, to careless glances, 
seem innumerable. But in truth all the stars i-isibla in Northern 
Europe, from the North Pole to 3(i° south latitude, an extent 
embnicing four fifths of the beavens, were foimd by Argelander 
to be but 325(1. Adding 844 for the invisible fifth of the celet-tiat 
sphere, he makes the whole number 4100, and supposes that 
under favourable circumstAnces very sharp eyes may see 8000 
stars. Bnt certainly, in the troubled and vaporous atmosphere of 
the British Isles, it is very rarely that the be^tt eyes can reckon 
2000 stars. 

By astronomers the stars are divided into classes called mag- 
nitudes, the first six of which are reputed visible to the naked 
eye. But it is said that in the clear atmosphere of Persia or 
3i£i«tem Asia, or even in Egypt, the natives can often see tho^ 
of the seventh and even eighth class. The proportions of the 
classes are thus shown in mo<lern catalogues of the stars : — 
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Magnitude. 

Ist 11 

2nd 33 

3rd 98 

4th 245 

5th 761 

6th 3085 

This method of classification appears arbitrary^ as hardly any 
two stare are of exactly the same size, and the line separating the 
classes must always remain indefinite ; yet so finely does the eye 
discriminate in comparing small objects, that confusion and 
discord proceeding from these estimates of magnitude are much 
less frequent than might be expected. All beyond the sixth class 
being ordinarily in^-isible to the naked eye, are called telescopic 
stare. As a general (but certainly not a correct) rule each suo 
ceeding class contains about three times as many as that preceding 
it ; and as vdth powerful telescopes this clarification is continued 
to the fifteenth magnitude and even far beyond it, the telescopic 
stare probably exceed fifty millions. Those entered in catalogues 
with their places in the heavens determined by observation, now 
amount to more than 300,000, of which number 66,000 at least 
are about the ecliptic. 

Stare are mere points of light and have no appreciable magni- 
tude whatever. They differ, however, in brightness; and this 
brightness being attended with irradiation, the image is magnified 
in the eye ; but the telescope strips off the fringe of irradiation 
and reduces all stars to the common level of points immeasurably 
small ; yet it does not abate the intense light by which some of 
these points are distinguished from the rest. 

It is not merely in brightness or presumed magnitude that 
stars differ among themselves. They exhibit also different colours. 
Some are red or of a deep ruby colour, some yellow or green, 
and many, generally very small stirs, are blue. Clusters are to 
be seen displaying the richest variety- of colour. Again, there are 
variable stare, which periodically change their apparent magni- 
tudes. The star called l^Iira Oeti, in the Whale, has a period of 
eleven months. It appears for a fortnight as a bright star of the 
second magnitude, then diminishes till it becomes im-isiblc to 
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the naked eye, remains absent for five months, and then ro- 
appearing^ gradna,lly rciaumcs its original lustre. Afgol, a con- 
spicuous star of the second miignitudc in I'erseas, sinks rapidly 
to thy fourth majjnitude, in which state it remains ahout a qnnrter 
of an hour and then recovers, the regahir period of this chaii;re 
bein^ nearly 09 hours. A star in Argo {t} Ar^us) in the 
Southern hemisphere appears to vary irregnlariy, and though 
ordinarily of the fourth mag^iiitudp, has at times rivalled the lustre 
of the bri^htost. stars in tlie heavisns. 

Araon^r the most important astronomical discoveries of motlem 
times, is that (due to Sir W. Herschel) of Binary or Multiple 
starts, funning systimis in which one or more stars revolve abont 
another in elliptic orbits and strictly in obedioiice to the laws of 
gravitation. Several of these orluta have been already calculated j 
and looking at one of these double stars, single to the naked eye, 
but &eparabte by powerful telescopes into two or more, we can 
in many cases conclude with certainty from ttle motiona of 
the associated suns, that the real distance between them is not 
less than the distance from our auu to Neptune, the remotest of 
tho planote. Those diijftjmt suns may possibly be all siu-rounded 
by planetary systems invisible to ns, yet causing by their 
interposition the perio<iically varj'ing lustre perceptible in some 
stars. 

To the world of stars belong the nebitlre or cloud-like spots of 
light, many of which have been rei*oIvcd by the increasing power 
of ttdescopes into minute stars, or what ia ttalled star-dust. Many, 
however, remain still unresolved ; and it cannot bo absolutely 
asserted that they are composed of distinct stars, fhoa^gh the 
results of recent researches geuPi^lly point to that conclusion. 
The nebula best known to ns is the Galaxy or Milky Way, an 
immense stratum of &tars, to which belongs onr sun and perhaps 
all the stars distinctly visible to us in the heavens. Being placed 
near its centre, we can easily &ee across it and distinguish the 
stars composing it; but in tho direction of stratification tho 
multitudes of very dist;int stars gather into what seems to tho 
6ye merely a faintly luminous cloud, which forms an irregular 
bolt round the heavens, though many parts of the Galaxy still 
defy tho resolnng power of telescopes and retain the character 
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of formless matter. Yet as every improvement in telescopes has 
been hitherto invariably followed by an advance into the regions 
of nebulous light, and the reduction of a certain portion of it to 
stars, it is hardly possible to refrain &om concluding that it is 
wholly composed of stars. The nebnlsB assume various forms, 
circular, elliptical, or of a diffuse, gyrating mass, all representing 
according to a theory not yet quite extinct, the various stages in 
the growth of stars from shapeless etherial vapour to a solid 
sphere. The number of those now known, most of them tele- 
scopic, exceeds 3000. They are most numerous in the part of the 
heavens most remote from the Galaxy. 

It has been seen that by ascertaining the parallax of the moon, 
we also learn its distance ; and by similar means we can find the 
snn's parallax and thereby its distance — a very important step in 
astronomy. These angles are respectively equal to those sub- 
tended at the moon and sun by the earth's semidiameter ; but at 
the distance of the stars the earth is doubtless utterly invisible. 
Ko change of place on the earth makes the slightest change in the 
positions of the stars, and their horizontal parallax therefore is 
not a perceptible magnitude. Bnt the earth moves round the 
sun in an orbit the semidiameter of which is 91 millions of miles, 
or 3500 times the earth's radius. May not this space be appre- 
ciable at the stars, and so enable us to detect some change in their 
position consequent on the earth's revolution in its orbit? The 
process which aims at determining the heliacal parallax of the 
stars or the angle subtended at them by the semidiameter of the 
earth's orbit, has of late years proved successful, chiefly owing 
to the great improvement of telescopes. In the principal focus 
of the telescope maj' be placed a micrometer to measure minute 
distances, and also a fine and movable thread, gossamer or gold 
wire, to mark direction. Kow many stars are single to the naked 
eye which are found in i)owerful telescopes to be double or 
triple. A\Tien such clustered stars lie very close together, it 
may be assumed that thongh in the same line of vision, they are 
in reality wide apart and at very different distances from the 
earth, consequently they will differ in parallax. Now let two 
stars thus closely adjacent be constantly obser^^ed ; if they have 
parallax they will describe in the course of the year, or while 
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the earth goes through her orbit, iniuute ellipses 
(fig. II), projection>4 of that orbit and dlftering 

in size. Li consoqiipuc"? of this difftTcnce thej 
will change position in respect of each other botJi 
in distiince and direction ; for it is evident tbnt 
they vnli be closer togRther when at n and '-/ than 
when at a and a', and al^o that the lines imj und ^jy, which con- 
nect them at opposite seasons, will differ much in direction. 
Comparison with a i^nmlE star a in tlieir neighbonrhud, with no 
parallax, will help to reveal their motions. Frou] these uhanges 
may be dednced thefignres dt-scribpd by them, and conaetjuently 
their parallax. In this way have been discovered sidereal 
paraliaxea not exceeding sinall fractions of a second. 

It ia calculated that th« dif«tanco of a fitar having an annua] 
parallax of one second, must be at n distance, in round numbers, of 
nearly twenty billions (Ln),000,UOO,Ol.lO,OOt)) of miles— a distunco 
not to be traversed by light ( wliicib fliea from the gnn to the earth in 
about H) mimites) in less than 3^ yeju-s. A second of sijace is about 
the 60th part of the gmallest point distinctly visible to the naked 
eye; it is the anglfl sulitcndud by an inch at the dist-inco of 3^ 
miles. The paralloj; of one second was taken as the unit of 
stellar distance by Sir William Herschel^ who j^upposed that 
Sinus, the brightest of the star-s, was idso the nearest. But Sirius 
has been found to have a parallax of only 0""230, and must 
theroforo be removed to the distance of four such units. The 
neart'st star as yet known ii? a Centanri in the Southern benii- 
sphere, the parallax of which, 0"*91, falls little short of a second. 
From these examples and from others that might be added, it 
apjjcars that thfl apparent mngTiitndp of stars does not depentt 
entirely on their distance, but that they really differ in size and 
splendour. The light of Sirins is 14fi times that of our sun, 
which at the distance of the former would appear a very small 
star. According to M. Struve, the average parallax of stars of 
the first magnitude is 0^''209, or about the fifth of a second, and 
their distance such as cannot be travelled over by light in less than 
15'5 years. Subsequent obaorvationa have shown that these 
limits are not strictly observed, though probably few stars trans- 
gress them. From the furthest stars visible to the nuked eye, 
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light cannot reach ns in less than 138 years, nor from the most 
distant stars seen in Herschel's 20-foot telescope in less than 3541 
years. 

The natnre of the starry heavens vrith their countless worlds, and 
the origin of the planetan- systems of which they probably consist, 
may be thought to be beyond the reach of hmnan inqniry ; bnt 
when it is considered how inscrutable appears at first sight the 
problem of the solar system and how completely it has been 
solved, it will not be thought unbecoming to listen with deference 
to those great men who hare most effectually aided in the great 
work, while they state their views of the subject which was ever 
in their Noughts. And besides, as the origin of the earth, our 
proper subject, is involved in that of the solar system, we should 
not be justified in disregarding the speculations of those most 
competent to treat that difficolt question. 

It was Sir William Herschel who first suggested that the 
growth of sidereal bodies by the aggregation of nebulous matter 
is constantly going forward. He called attention to the fact, 
ah^ady pointed out by Immanuel Kant, that the stars seem :dl 
to lie in strata — those >-isibIe to the naked eve belouffinj; to the 
Galaxy or Milky Way, which is a stratmn of stars of little thick- 
ness, but immense length and breadth. He maintained that 
nebubD may be seen in the heavens in all stages of gron'th and 
maturity, from the first shapeless gathering of etherial matter to 
the compact cluster of hardly distinguishable stars. But of late 
years so many nebulae formerly deemed unresolvable have been 
converted into clusters of stars by powerful telescopes, that faith 
in crude nebulou* matter is now much shaken. Yet Herschel's 
opinion is entitled to great weight. At the outset he believed 
nebula; to be composed of minute stars ; but persevering study 
of the heavens for many years, during which he discovered 
2500 nebula?, confirmed in him the belief that unresolvable 
nebulous matter, the material of stars, still exists in the heavens. 

The great Crerman philosopher above named, Immanuel Kant, 
had already remarked that the planetary bodies of the solar 
system, all rotating and revolving in the same direction, seem to 
have been created together, and to owe their motions to a single 
impulse. With these suggestions as to the materials of creation 
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ami the ori^nal unity of its moveinentB, it onlj remained for 
th*f profound any.lyst L;ip]acL> t-o traco from physical laws tlio 
Hiudo ut" operation. He perceiVL-d thtit a miitw of gaseous or 
fluiil matter, if mado to rotate rapidly, would siprcad out in tho 
plune of rotation and become a thin disk, growing thinner and 
wider as th(i velocity of ita rotation incrt^ancd, till at lengtlij 
centrifugal force getting the bettc^r of colie-sioiij whole ringR or 
fragments of the edge wonld fly otfjand contracting by cohesive 
attraction into spheroidal masse^a, would contJnne to revolve round 
tho centre from which they broke away. But in these liberated 
mjisses the velocity of the outer edge would exceed that of the 
Inner, and this exce^ of velocity on one side would give tho 
newly formed sjiheroid a rotation on \is axis. It is obvious that 
tliis process might be repeated again and again with the name 
stratum, the succeesive spheroids revolving in continua.lly narrower 
orbits, till at last the nebula is replaced by a ayatem of compact 
bodies. Each sopanit4?d spheroid might in the earHest stage of 
it* formation throw ofFono or more fnii'mpntsto become satellites. 
Thus, in confunnity with physical lawsj the solar system might 
have iK'on formed from nebulous matter. 

The consequences of rapid rotation on matter tree to move 
and inclinetl to cohere, clearly forseen by Laplace, were lixperi- 
mentttlly verified and exhibited by M. Plateau. Oil floats on 
water because H[>ocifiGilly lighter ; but if spirits of wine be :ulded 
to the water till the specific gntvity of the mixture be reduced to 
equahty with that of tlie oil, the latter will s^ink in the water as 
a globular mass and remain suspended in it without any tendency 
to move up or down. It" then the vessel containing the water be 
made, to revolve rajiidlyj llie globular maj^s ol' oil becomes oblattr, 
spreads out iu the plane of rotation, and with increased vcloci^ 
throws off globules which rotate and revolve round the central 
mass. 

M. do Laplace, who lookeii at every thing with tlio eye of a 
mathematician, did not omit to calculate the probability of the 
solar s^ystem's origination from a nebula in the manner just 
described— or rather tJie improbahility of the supposition that all 
tho perfectly concordant movements of the system, rotating and 
revolving (ho rockoued 43), were created separately and not 
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conneeted together. He thence concluded ihe probaliiiity of 
tbcir simultaneous origin to be as 200 billions to 1. But the 
revolutions alone of tlie Asteroids and of the planet Neptune 
with its KitBllit4>B, since discovered, increase the number of 
the h:imioniou8 movements! to 188, It seems to countenance the 
nebular hjTiothesis that the remotest planets, formed of the most 
volatile and r.ipidly moving matter, are also the largest and least 
dense ; while the heaviest, of less slze^ are near the centre. It 
the motion had the effect of sorting the materials according to 
their specific graii'ities, there would prohablv be between the light 
aiid heavy, a circle of het<TOgi:'neou9 less cohesive material, of 
which the Asteroids pve some indication. 

The mechanical sulKciency of this h\"pothe8is has been es- 
tablished by experiment ; hot its possibility has been contested on 
chemical grounds by a high authority (E. Bisehot"), who objects 
that the heat produced from the conversion of nebulous into 
solid matter would suiEce to volatilize all. ThiB is equivalent to 
assorting that Under no circumstances can such condensation 
take place, which is clearly incorrect. *\\Tien the condensing 
fori^ (gravitation) is constant, and the disjieraive force (evolved 
beat) tninsicnt, the former must surely come off victorious. 
The ditficnlties imputed to the h;i.'pothe:?is belong in tmth only to 
the misconceptions of jvreiudiced learners. Bi^chof seeuis to have 
assumed that the supposed soUdifimtion of the globe or globes was 
instantaneous. It is often said that our enrth was once in a fluid 
state through heat ; he Understood as much, and reasoned accord- 
ingly. But neither Kant nor Laplace ever hinte>d at a sudden 
cliange of state; and Herscliel clearly admitted the agency of time. 
There is no rcjison to believe that the earth was ever a mass of 
melted mineral. We can li>elieve ^at the process of solididcation 
was, at the first, attended nith a struggle and with intense hi'at, 
that the nucleus of the earth may liave been, and may still be, 
fluid, that solidification then proceeded faster than aggregation, 
so tliat most material fell in the form of hot dust; and it is 
obvious that if the solidified nebular matter, all revolving as at 
first, fell by the force and under the guidance of gravitation, the' 
earth's figure would necessarily conform to the laws of gravitation. 
It is not necessary to suppose it once fluid in order to explain 
wl^ its figure is accommodated to its rotatory movement. 
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uienC in EcUptic OrbJtsie spluiued. — The EHrth'e Orbil, IHmensioiiB&c.^ — 
The Plftae of the Elliptic. — Cunetancy of tlie Karlh"? Axie. — EeToIution 
in the Orbit. — Time and Saofons. — Equality of Rotation. — 'Sidereal and 
Siilar time-^Perturbfltiotia. — DiTiaitin of Timie.— Origin of the Weck^ 

The earth,, wliicb, viewed in its place m tlio universe, appears 
but as an atom, is to uniustnicted niau a boundleiJa world. Ita 
early inhabitants have everjTvhere believed it to be collectively 
a }rrviit plain, of which they occupied the middle point. Thus, 
Dflphi was thought by the Greeks to be tit the middle of tlie 
uartli ; and the samp distinction was clainied, at a much iater 
date, by Sultan Bollo for Sokatii, in the heart, of Africa. The 
imcient belief tstill lives traditionally in the language of the 
Chinege, who call their cotmtrj* the Middle Kingdom. 

It could hardly be expected of those who first gpecnlated On 
the nature and ti^re of the earth, that thej' should at once 
recopnixe in it the surface of a globe, the only surface that can 
be perfectly Uniform with aJl parts alike and ■i\ithout sensible 
boundary-. Thv most difficult points to be decided were those 
that regarded its support, and it;? limits* On thn shield of Achillea, 
described by Homer, the ocean, forming tlie rim, was seen flowin^ir 
round the earth in the middle. That the sea which so often 
hoHDds the land should be also supposed to encompass the whole 
earth, is natural enough ; and in the case of the shield such a 
supposition wss convenient. Bnt the pofit's Linguage ought not 
to bcf con.=.idered as expressing an article? of jhhiloFophic faith, or 
even the current opinion of his time. 

Though the aetite Greeks never discovered the ends of the 
earth, they siiw reason to doubt its circular figure. Herodotus 
reprehends those who hiught that the earth has an 
t«ns!on in all directions. The contrary, he thought, 
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inferred from experience. Let it be remarked that the coun- 
tries best known to the Greeks, and most frequented by them, 
lay nearly under the meridian where extremes of climate occur 
at the least distance from each other. The northern shores of 
the Black Sea have a winter like that of the Polar circle, while in 
Africa at a little distance from the coast begin the deserts which 
^ve warning of the approach to the Torrid Zone. Diodorus 
estimates the distance between winter and perpetual summer, in 
Scythia and Upper Egypt respectively, at only a month's voyage. 
But while the habitable earth seemed clearly confined i^nthin 
narrow limits in the direction from north to south, it offered no 
indication of such a limit to the east or west. This latter direc- 
tion, therefore, came to be considered as that of the earth's 
length, while the dimension along the meridian, or N. and S., was 
its breadth ; and this mode of speaking still remains to ns in 
the terms Longitude and Latitude. Among the circmnstanoes 
which stimulated the commercial enterprise of the early Greeks, 
and awakened their faculties, it ought not to be overlooked that 
they occupied a position between widely different climates, 
accessible by sea and at no great distance. 

The history of ancient science, which is indeed little better 
than a collection of anecdotes made bv writers who had little 
respect for science, leaves us ignorant of the name of him who 
first demonstrated the sphericity- of the earth. This doctrine is 
'plainly enunciated by Plato and Aristotle, whose poT\"ferfal under- 
standings probably selected it for its real merits from the crowd 
of conflicting opinions. The most ob\ions and popular arguments 
in favour of the sphericity of the earth must have soon made 
some impression on the Greeks. Dwelling on small islands and 
sea coasts, they must have observed that the top of a ship's mast 
first becomes visible on the horizon, and that the hull rises gra- 
dually to view. As they retwued homeward from the sea, they 
first descried the temple on the hill top, then the trees apparently 
rising from the water, and finally the cliff beneath the trees. 
They could not have failed to perceive that the horizon at sea is 
always a circle. Habitually keeping watch from high rocks, 
they must have been aware of the change made in the horizon 
by olevation; and voyaging constantly back and forward between 
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Asia Minor Euid Egyjit, they must have oljserved how a eonrse 

from N. to S., or in the contrary direction^ affects the altitude of 
the stars. To thpse nrcninients Aristotle added the ohservation 
that tht' section of the earth's shadow, st'en m eclipses of the 
moon, is always circnlar, 

A little more than a century after Ari*^totlej AristarchiT& of 
Samos promulgated a theory which appears to have been in all 
essential points identical with that of Copemiciis. He supposed 
thjit the earth, rotating on its axis, revolves in an orbit roiuid tho 
sun fixed in the centre, and that the atara are infinitely distant. 
Now, remarkable in all respects as was this early approach to the 
truth, the most surprising circumstance connected with it appears 
at first sight to he its total want of tiueeess among a people fond 
of novelty and discussion, and of eminently keen intelEect, How 
did it come to pass that the same discovery which &tarf.leJ 
Europe in the 15th century made no impression whatever on the 
disciples or contenijioraries of Euclid and Archimedes? The 
Ciiu^e of Iheir apparent hsttessness may perhaps be fonnd in the 
immaturity of astronomicai knowledge, which rendered quite 
eont'Iui-ive Aristotle's st^ntencei, (hat " sinee there is no parallax of 
the stars, the earth must be fised in the centre." The imper- 
fection of the evidence of the senses in such a case was not at 
tbat time suspected. Archimedes^ who reports the theory of Aris- 
tarchns, treats as a manifest mistake the ste,tement that the 
earth's orbit ia to the distance of the stars as the centre of a 
circle (a mere point) to tho circumference ; whereas the fact is 
that the angle under which the radius of the earth's orbit is seen 
from the stars, or their annual parallax (and Aristotle had in 
view only the horizontal paraUax), is but a fraction of a second, 
wliich is but a sixtieth of the smallest point distinctly visible to 
the naked eye. The apparent absurdity of the theory pro- 
pounded by Aristarchus lay therefore entirely in the stupendous 
charactj^r of the truths proclaimed^ and the incalculable magnitude 
which it assigned to the universe. 

The motions of the earth may bo read in the heavensj since 
they necessarily affect the apparent places of tho other bodies of 
the solaraystem, whose visible courses are compounded of motions 
partly absolute or real, partly relative or apparent. But until 



22 PHTSICAL OEOORAFHT. 

the whole mechanism of the heavens be perfectlj understood, it 
ia impossible to trace with certainty the working of any single 
portion of it. Centuries were required to collect the observations 
out of which has grown the most complete of sciences, Modem 
Astronomy, But the inductive method was too slow for the 
Greeks, and they looked less to nature than to their own ingenuity 
for an explanation of the movements of the planetary bodies. 
These they contrived to imitate by means of cycles and epicycles, 
as already described (p. 4), a contrivance which, ofiFering bound- 
less resources, induced them to go on continually seeking im- 
provement by adding new wheel-work to the celestial spheres. 
As the machinery grows complex, it grows dear to the inventor, 
who can never return from his assorted epicycles to the simple 
truth. 

This erroneous system at length gave way with little resistence 
to that of Copernicus, who taught that the earth is a planet 
revolving about the central body, the son. Why the philosopher 
of Thorn succeeded in the cause wherein he of Samos totally 
failed is not immediately obvious. It may be that the contrast 
between the simplicity of nature and the complexity of the Ptole- 
maic system, old and still imperfect, grew daily less favourable 
to the latter. The invention of printing had made a great change 
in the balance of power between the common sense of mankind 
and the prejudices of the schools. 

Epicycles were completely banisfae4 from Astronomy by 
Kepler, who, from a careful stndy of the orbit of Mars, con- 
cluded that every planetary orbit is an ellipse, and announced 
with Ins discover}* the following laws, which now bear his name: — 

1. The orbits of the planets are ellipses, one focus of which, 
in each case, is occupied by the Sun. 

2. The areas described by the radius vector of the planet (that 
is, the line joining the sun and planet) are proportional to the 
times of describing them ; therefore equal areas are described in 
equal times. 

3. The squares of the times of revolution are as the cubes of 
the major axis of the orbits. 

With respect to the second law, let it be obsened that, in 
order that an area be invariable, it is necessary that its dimen- 
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gions, t. c. IpTiffth tead breadth, eitfapr be invariablp or shall vaiy 
inTeraoly, thp on« mcn?iisin<^ iis t\n*. uthor diminish t's. As tlie 
mdius tliercf'oru incrtiLat'ii in length, it describos u shorter arc 
or movea with less velocity. 

It now only remtiined to find the cauao of these laws*, or to reveal 
the principle that controls all tbo phenomena of tho huuvens and 
gives ihem the c-omploteness and unity of mutht'iiKitical trutli. 
This was done by Sir Isaac Nfiwton, whose discovery of anivcrsal 
gravitation, the gresit-est font evor achieved by the human intellect^ 
not only dcmonHtratps the order and harmony prevailing in tho 
heavens, but points out also the causes of seeming disorder and 
its limits. It has proved to be, not so ranch the discovery of a 
Bystem, as of a fountain of truth ; and by enabling the calcnlatorj 
in many instanoex, to outstrip in hia researches the most diligent 
obsprver, it caused that emulation between theory and practice 
which has ultimately rendered astronomy the most miirvelloualy 
lerfect of the sciences. The main principle of the Newtonian 
Bystem is as follows : — Every particle of matter attracts every 
other particle vtitk a force proportional to its mass, L e, ita volumo 
and density combined, and varying inversely as the sq^uare, or in 
the duplicate nttio, of its distance. If we su[)po9e a force to 
auauate from any point (a, fig. 12) in 
ftll directions throughout a. plane without 
change or abatement, then as it spreads 
in larger eirclef, being still the same 
force in each, it mnst vary at every point 
inversely as the area of tbe circia in 
which it lies and over which it is diffiufcd, 
or as the square of itit distance from a. 
If ah, b e, and c ^ be eqnal ^ then the areas 
of the circles &///<", ct^c", and dif t?' will bo in the ratios of the 
scinares of their diameters, or as 1, 4, and 9, and the furco at d 
will be a ninth^ that at c a fourth of that at b ; the furcc at 6 
will be t-o that concentrated at a as the point a to the circle hVlP, 
Without this principle? of universal graviUitlan there could bo no 
fixedness or order in the universe. To the centrifurral force that 
moves the pknotu It adds also a centripetal force; and theso 



Fig. 19. 




24 PHYSICAL GEOGRAPHY. 

forces are so balanced that the paths of the reToMng bodies, 
onder the law above described, mast always be elliptical. 

Gravitation is measured by the velocity imparted by it to 
falling bodies. The weight of a body is its gravity combined 
with its mass. But gravitation considered apart from mass is 
the same in all bodies. A feather, a ball of cotton, a lamp of 
lead, and a piece of gold, all fall together with the same velocity 
in the receiver of an air-pump, where the light bodies meet no 
resistance from the air. That velocity, in a body falling from a 
state of rest and continoally accelerated, is, in oar latitude, 16 
feet 1 inch in a second of time ; but converted into the more 
convenient form of uniform velocitv', double that distance, or 32 
feet 2 inches in a second. This is the effect of gravitation acting 
from the centre of the earth, or from a distance of 3924 miles. 
The force that acts on the moon and the planets is exactly the 
same, modified by the law above enimciated ; that is to say, the 
space through which the moon would be drawn with uniform 
velocity to the earth in a second, is to 32 feet 2 inches inversely 
as the square of the moon's distance (238,793 miles) to the 
sqnare of the earth's radius (3924 miles). Where there exists 
overwhelming power, as the attraction of the sun on the planets, 
or of the earth on bodies at its surface, feebler attractions are 
little heeded. The stronger force must be obeyed. But yet by 
cancelling the influence of weight, as will be seen further on, the 
mutual attraction of bodies on the surface of the earth mav be 
rendered manifest. 

The earth, viewed in the light of the Newtonian theory, is a 
spheroid revolving round the sun at a mean distance of 91,600,000 
miles. Its orbital motion is the resultant of two forces, viz., 
first, that exercised by the sun's attraction, and, secondly, a force 
acting at right angles to the preceding or as a tangent to the 
orbit. The physical cause of the latter force is not apparent ; 
but when it is considered that a similar force acts on all the 
planets and their satellites, in the same direction and nearly 
in the same plane, it seems reasonable to conclude that they 
were, in the first instance, all impelled by the same force, re- 
volving together in a coherent mass, on the breaking of which, 
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loss of coherence was made good by the attraction of the 
centre. 

Let us now look at the construction of a planetary orhit. 
Suppose E to be the earth (fig. 13), 
Ejt the distance which it would be ^4^* ^^■ 

driven by the tangential force in a 
second, and Ea the com para lively sniall 
distance which the attriiction of the sun j / 

(S) would draw it in the same time, 1 j 

the course given to it by these com- \ • 

bined foroea would evidently be Ei ; I / / / / 

for the next second the tann;enti:il force i / / / ,.-'' 

would bo ty, that of attraction im, and .'//','*' 

thus in two seconds the earth would W/C'"' 

arrive at f, and in three seconds in like I' 

manner at d. A continual flexure ot* 

its course would thus be produced by the central attraction. 
Tlie tangential force is constant, the attraction varies inversely 
as the s(];uare of the distance; conseqnentlyj if the pJanct ap- 
proaches the sun ite moving forco increases, it proceeds with 
greater velocitj' in a leas curved path, and so iucreasing its 
distance from the sun, loses force and velocity and returns to its 
first position. Increase of velocity is checked by removal from 
the sun and consequent loss of the attractive force; loss of 
velocity causes approach to the sun, and is remedied by the con- 
sequence of increased attraction. Ti'Vliat has been here demon- 
strated is applicable to any body revolving round a centre the 
attraction of which varies in the inverse duplicate ratio of its 
distance. 

The radius of the earth's orbit is, as above stated, nearly 
ninety-two millions of miles. This is in truth the half of the 
major axis of the ellipse. But the sun being in one of the foci, 
and the eccentricity or distance between the middle point and a 
focu,>? of the ellipse being about one sixtieth of the mean radius, 
the greatest distances of the sun from the opjiositt' extremities of 
that axis are as 1-01679 to 0-S8321. 

The plane of the orbit extending between the earth and the 
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sun is called the plane of the ecliptic, being the plane in which 
all eclipses of the sun and moon must take place. The earth 
describing its orbit in a year moves at the rate of 68040 miles in 
an hour, or nearlj 18 miles in a second. But, in truth, between 
the apsides or extremities of the major axis, and symmetrically 
on both sides of it, the velocity of revolution varies at every step. 
At a greater distance from the sun the revolving body looses speed, 
and again, when near the sun, acquires velocity, the areas aFb, ftFr, 
cFJ, &c., or distances ab, be, ed, &c. (fig. 14) being all described 
in equal times, so as to make good 
Kepler's second law, as to the con- 
stancy of the areas described by the 
radius vector, the area lost in one 
direction (distance from the sun) being 
made np in the other direction by 
velocity. 

While the earth revolves round the sun, it at the same time 
rotates on its axis, which is inclined to the plane of the ecliptic at 
an angle of 66** 33^. Hie momentum of a body rotating tends 
to perpetuate that motion, persisting in it with a force propor^ 
tional to its weight and velocity. But the force of rotation of 
a globe like the earth, nearly 8000 miles in diameter, and spinning 
round at the rate of more than 17 miles in a minate, is quite 
sufficient to render the position of its axis incapable of change. 
That position is maintained by the whole force of rotation. The 
earth's axis therefore, ihough it changes place, never changes Ua 
position, inasmnch as it moves parallel to itself, making always 
the same angle with the plane of its orbit, and points in the 
same direction to the heavens (fig. 15). 
As the earth rotates from W. to E., the Fig. 16. 

heavens seem to move in the opposite 
direction, and their visible pole is im- w^, 
movable. It is in fact a reflexion of the ^3" 

polo of the earth ; and the fact that the 

earth's axis while carried round an immense orbit, seems invariably 
directed to the same point in the heavens, is a proof of the im- 
measurable distance of the latter, a distance so great that the orbit 
becomes in respect of it an imperceptible magnitude. 
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Smce tte earth's axis rpmains always pamllol to itaplf, it must 
in tho orIjit.ll revolution prL's^nt itsyU' undtr ditfen-nt aspects to 
the suu ; iind as it niakea an iitigic of titi° 33' with tLo tjolipttc or 
plane of its orbit (Pc S, tig. Ill) this 
angle must be at times turoed towards Fi^- 10. 

tho central hody and at other times 
fromIt,tLe coinpli?cientarv Jingle 113° 
27' in tho lattor ea»^ (St- P') facing the 
sun. Thus the cirelo i>f light and dark- 
ness lies ohliquftly to the ajids, passing bejond and falling short of 
the poles alternately, in periods of half a yi?ar. Intemiuiiiato he- 
twct^n thii'se positions it presents a right jingle to tbo aiin^ and 
the illuniinatt'd hemisphere rtyiehes 
both poles (fig. 1 7). Thus the vicisai- Kg- 17. 

tudes of day and night, of light and 
durkneas, resulting from the rotation 
of tho earth, are rendered various 
by the inclination of the earth's axis. 

The enrth while perfonning ono rotation advances also in its orliit 
at the rate of 1134 miles in u. minute or l,()32,9li0 miles in a day j 
nnd the consequence of tbis change of place is the alteri?d position 
of the sun in the htavensT which seems hi tho mean to liave 
advanced about 5^' 8"-33. Thetirae of rotation required to over- 
take the sun is the difi'ereuce between the sidereal and the solar 
day. But tlie sun's apparent motion, or rather the motion of the 
earth in it^ orbit, is not unitorm. It ia slower in one half of its 
orbit than in the other — losing velocity when it recedes from, and 
acquiring it as it approaches the sun ; and besides, motions 
re;tlly equal do not always appear so, on account either of distance 
or obliquity. Hence solar time is varia.ble ; yet it baa advantages 
which niako it indispensable as a measure of duration. It must 
therefore be regulated. Consequently the solar year is divided 
into equal days, boursj &c., the parts of mean solar time; while tho 
sun's variations luid irregularities are calculated and reduced to a 
table shoinng the diiference during the year between solar time, 
derived frum the sun'.'f movements, and mean time, found by correct- 
ing the precedijig. Tliia diflV'renoe is called the Equation of time. 
Gravitation or tlie fall of bea^-y bodies affords a very constant 
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measure of time, as in the honr-glass, the clepsydra, the pendu- 
lum, &C. ; bat these, accurate as they may be, can only be re- 
garded only as instruments amenable to some higher test of 
accuracy, for whi(di it is necessary to have recourse to the stars 
or sidereal time. 

Of the various motions in the heavens just described, only one, 
the earth^s rotation, seems perfectly uniform ; and there is no 
ground for supposing it liable to disturbance. It has been ire- 
quently suggested, in order to account for past changes of 
climate, that the earth^s axis of rotation has been changed. 
Some have held that it has been frequently changed. But it is 
certainly venturing very far in assumption to suppose that the 
rotation of the globe could be suddenly stopped or changed by a 
shock without breaking the whole structure to pieces. Besides, 
the advocates of a changed axis have overlooked the fact that no 
change in the direction of rotation could take place withont some 
loss of velocity. Whatever velocity of rotation the eartii actually 
has must be either its original velocity or a remnant of it ; and 
the remnant must be very small if the change has been frequent 
But when we look at the other planets, compare their rates of 
rotation, and judge by analogy, we must conclude that the axis and 
rotation of the earth have never dianged. If the earth were to 
contract, the velocity of rotation would be thereby increased ; 
the dilatation of the globe, on the other hand, would reduce it. 
But from various ancient observations compared with those made 
at the present day, astronomers are enabled to conclude that 
within the last 2000 years the length of the day has not altered 
to the extent of a second. 

The sidereal time therefore, or the time that elapses from the 
passage of a star over the meridian till its next return to that 
meridian, is the true unit of time. It is equal to 23 hours 56 
minutes 4-09 seconds of mean solar time ; or if the sidereal day be 
divided into 24 hours, the mean solar day will contain 24 hours 
3 minutes 55-909 seconds of sidereal time. 

The earth is attracted, not only by the sun, but by all the 
planets ; and the regularitj* of its movements is thereby much 
affected. Planetary' disturbance gives rise to verj- complicated 
problems. It is in consequence of such perturbation that hardly 
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any ulemont of a, planotary orbit is purfcetlj constant The 
orbit never returns into itself, but takes a new 
piith witii some change of fij(urc (fig. 18). In the ^g, ig. 
case of the earth, the cycle of the sejisons docs 
not corres]>ond precisely to the revolution in the 
orbit. The anglo at which the mnjor ax.ia cuts the 
line joi nin g the equinoctial points is continually 
chiiiiging ; and thna the snn, considered as the 
leader of the seasons, seems to make: the circuit of tbo orbit in 
the lon;^ course of 20984 years* The periheKon, or point of 
the orbit nearest to the sun, is now reached by the earth in 
the winter of the northern hemisphere (11th January) ; but at 
the end of UH5:^2 yejirs t!ie snuie^ position will not bo reached 
by the earth till niidsumnior. The eccentricity of the orbit 
decreases for a long period, and then again iacretisos. All these 
variationa in the planetary world are produced by attractions 
wliich, as they proceed from revolvinir hodics, continually change 
their direction. Consequently when, after a lon^ period, all these 
bodies may be supposed to have performed cauiplete revolutions, 
the disturbing forces having operated in all directions and 
annulled each other, they will leave the systom nearly aa they 
found it at the bej'inning'. 

Thus it appears that there is as little of absoluta fixedness in 
the heavens as there is of that perfect figure the circle. The 
jierfection of the planetary system lies not in rigour, but in 
liberty. It is a flexible perfection, manil'ested in physical laws, 
which, by a perpetual play of adjustment and equipoisej keep 
imperfection iftithin narrow limits. 

In an account of the relations of the earth to the heavens, 
it ourfbt not to ha omitted that to the latter is due the division 
and measuring of time. To mankind in its primitive condition, 
the heavens presented no more intt^resting object of observation 
than the moon, as it goes through all its phases in a convenient 
and well-marked period. The month or lunation therefore, 
being the tinie bebiveen two successive new moom^, was probably 
everywhere the first period established in the calendar. But 
it wa.s seen also that twelve lunations (354 days) nearly corre- 
spond with the aoJuT period and lie renewal of vegetation ; tho 
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Lnnar year therefore, consisting of 12 months, was in early 
times generally adopted. But further experience proving the 
inconvenience of a year not strictly in accordance with the sun 
and seasons, the solar year of 365J^ days came into use as 
astronomical science attained precision ; and the calendar fomided 
on it is now received by all civilized nations. In adopting the 
Solar instead of the Lnnar year, the convenient di\'ision into 
twelve parts was retained, though these, being necessarily 
lengthened beyond the time of a lunation or 29^ days, no 
longer coincide with the periods originally and properly called 
moons or months. 

The week of seven days seems to have been in use from the 
earliest ages in all parts of the world. It was fomid in China, 
India, and Pern, as well as among the Hebrews, Arabs, and 
other Semitic races. To the Greeks and Homans, however, it 
remained till a comparatively late age quite unknown. Adopted 
by the Christians, it spread with the new faith from Egypt 
through the rest of the Roman empire, and was first introduced 
to measure time in affairs of ci^il life under Constantine. There 
can be no doubt that the week originated in the subdiWsion of 
the lunation. It was the moon's quarter, the round number 7 
being naturally substituted for 7g, and no attempt was made to 
reconcile the parte with the whole or to remedy the failure of 
coincidence, because there was no need of coincidence, and no 
seasons were disturbed by the occasionally disordered relations 
of weeks and lunations. 

It is very remarkable that weeks of seven days, unknown to 
the Greeks and Komans, and brought into Europe with Christi- 
anity-, should bear in the names of the days the stamp of 
Paganism. The days of our week are dedicated by name to the 
Sun, the Moon, Teuth (the Saxon Mars), Woden (the Saxon 
Mercury-), Thor (the Saxon Jupiter), Friga (the Saxon Venus), 
and Saturn. The way they came to receive those names trans- 
lated from Latin or the language of the Church, may be thus 
briefly explained: — The Egyptian astrologers or almanac-makers 
supposed ever}' hour of the day to be under the influence of one 
of the seven planets, which, according to Ptolemy's system, 
stoo<l in this order — 1. Saturn, 2. Jupiter, 3. Mars, 4. the Sun, 
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5. Venus, 6. Mercury, and 7. the Moon. The first hour was 
under the influence of Saturn, and to Saturn therefore the day 
was dedicated. Then the other planets had each its hour, the 
eighth hour of course again falling to Saturn as well as the 
fifteenth and twenty-second. Consequently the twenty-fifth hour 
or the first of the following day fell to the heavenly body that fol- 
lowed as third after Saturn ; that was the Sun, to which therefore 
that day was dedicated, and in like manner the next day took 
the name of the planet third on the list from the Sun. If, 
then, the names of the seven 
planets be placed in order in a 8^" 

ring (fig. 19), and beginning 
with Saturn, we draw lines 
joining each with the third 
that follows it, we shall find 
that these lines guide us to 
the names in the order of 
the days of the week. The 
names used by the astro- 
logers soon grew popular; 
and being popular and fa- 
miliar, they gave no ofi«nce 
to the Christiana, particularly 

as the name of the Lord's-day, Sunday, might be understood 
figuratively ; for, as St. Ambrosius says, " the Lord came as a 
Ruing Sun to disperse darkness." 
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CHAPTER III. 

Ancient obseirattOD of the HeaTenfl. — Description of the Celestial Sphere — 
its DiviaioDa transferred to the Earth. — The Sphericity of the Earth 
recognized — Its Magnitude conjectured. — Eratosthenes, hia measurement 
of a degree — his method revived by Fresnel in the 17th century. — 
Snell's attempted triangulation. — Geodetic Surveys, France, Great Britain, 
India, Busma, &c. — ^Xewton's WorL — Effects of Rotation on the 
Earth's figure. — Irregularities of Gravitation at the Surface. — Increase 
of Gravity &om the Equator to the Pole — and of the length of Degrees. 
— Figure and size of the Earth determined. — The Pendulum as a meana 
of measuring Gravitation. — The Attraction of Mountains. — Schehallien. 
— The Himalaya. — The Torsion Balance. — The Specific Density of the 
Earth. 

To the watchful Greeks on hill-tops, and to the shepherds of 
Assyrian plains, the stars and revolving heavens mnst have been 
deeply interesting objects. The stars were soon grouped, for 
facility of reference, into imaginary figures or constellations. 
The central portion of the heavens about the paths of the snn and 
planets, whither obsen^ation was most frequently directed, was 
the first to be marked out in this way ; and a Zodiac or figured zone 
of the heavens was known to almost every ancient nation. Atn 
tention was directed also to the polar region, where the stars 
perform their circuits above the horizon, and " the bear," as 
Homer sings, " alone never bathes in the streams of ocean." 
Nor did the little bear, anciently called the Dog, and the remark- 
able star named the CjTiosure {icuvoi ovpa) or Dog's tail, known 
at the present day as the Pole-star, round which the whole 
heavens turn, escape notice. 

But the contemplative spirit admires the constancy of the 
heavens more than their fancied imagen*. The pole is im- 
movable ; the stars wheel round it in circles, increasing with 
their distance from it, the whole sphere revoK-ing apparently 
on a fixed axis. The greatest of these circles therefore lies in the 
middle between the poles, or 90 degrees from the \-isible pole. 
This circle, the Equator, as real as any mathematical conception 
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can boj and" markiud out by tlie stars lying about it, was souti 
to be immutflljlo in position. Again, tho path of the suii, from 
whicli tlnj plant't* nt'ver far depart, crosees the ^{[uator at an 
allele that seemed invariable. Thus tho attentive obsErvation 
of the revolving!: heavens led to the belief in tbi?ir perfect inunuta- 
btlity. The spheres were supposed to be made of cryatal, that is 
to say, they were solid and transparent. At a Inter date the 
supporting framework was vaguely styled the Firmament. 

The recognition of the constancy of the heavens waa nuturally 
followed by the desire to mark them out by welWefined lines iu 
snch a way that the exact place of any object in them might be 
conveniently nat-eil and expressed. This was easily eiFected, The 
e<]uator was suppoaed to be divided into 3li0 parts or degrees, by 
groat circles, that is to say, cireles of tho sphora passing through 
its centre and also tbrongh the pole. By these hour-eircli-s, oa 
they were called, the surfac-o of tho sphere wm tlivided into 
long stripa or segments from pole to jwle, each bearing tho 
nimiber of tho degree at whicb it b-Tininatcd on the eqmitor. 
For the atir ting-point of tho numeration a fixed point wris 
necessary, and this was the vernal equinox, or the point where 
the sun moving in tho ecliptic, crosses the equator in springs 
Thus the right ascension or distance of any star frum the zero of 
tho numenitiun, measured on any circlu pandlel to the equator, 
could be determined by noting the circle tliat passed tlirough it 
from tlio pole to the equator. But again, circles of declination 
were drawn parallel to tho equator, ticrosa the hour-circlt-'s ; and 
these latter l>eing also divided into degrees, the declination of the 
star or its disbmco from the equator could be thus ascertained. 
We know the esact placo of a sUir 
(S, fig. 20) when we know iis declina- 
tion or distance (27") from the pi|Uator 
measured on tlie hour-circle passing 
through it, and also its right ascension 
(^l"*), or the distance of that honr- 
circlo from tho zero-point on the equa- 
tor. This pointj a star In the constellation Aries, originally 
selected beotuso it marked tho crossing of the ocliptic over the 
equator, is at tho present day removed hy aeeular changes st5veml 
degrees from tho actual vernal equinox. 




34 PHYSICAL 6S0GRAPHY. 

The advantages of this mode of marking positions in the heavens 
were so striking as to prompt the vnah that the earth might, from 
its relation to the whole system, be enabled to partake of them. It 
was obserred that in going along the meridian from north to south, 
or in the opposite direction, the heavens show a change of aspect 
exactly corresponding to the change of place, the zenith or point 
of the heavens vertically above the observer moving from him. 
If he goes to the north, the star that marked the zenith of his 
starting-point appears to the south of his new zenith, and to the 
north if he goes southwards. In fact the change in the polar 
distance of his zenith, measured in degrees of a great circle, is 
exactly the same as the distance gone over by him, measured 
in terrestrial degrees. It was knovt-n that Canopus, the brightest 
star of the southern hemisphere, and in Egi.'pt a very attractive 
object, was in Crete seen near the horizon with diminished splen- 
dour, in Bliodes only from the highest summits, and that on the 
coast of Asia Minor it was lost wholly to view. Let it be ob- 
served that on an hour-circlo or line drawn from the pole N. and 
S. to the equator, only one point can ever be in the zenith 
of any one place. But on a circle of declination from E. to W. 
every point passes in turn through the same zenith ; consequently 
the change of zenith attending progress to the east or west 
corresponds with the time when a particular point of the 
circle arrives at the zenith, and the difference of time between 
two places is less easily found than that of their zenith dis- 
tances. 

The fact that change of zenith distance (from the celestial 
pole) accompanies change of place on the earth, and that these two 
changes, measured on straight lines from the pole to the equator, 
are strictly proportional, affords at once a presumption that the 
earth is a globe. If from A (fig. 21), 
the common centre of two concentric ^' ^^* 

circles, the rays A B, A C, A D, A F J^cf'T^^ 

be drawn to the circumference of the \ \ / / ^\ 

outer one, they will cut both circum- \ \ / / 

ferences in the same proportion. If /^w/n 

B C, C D, and D F be equal, then be, J 

cd, and d/will also be equal. If B C be 
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gruaber than CD, be will exceed cd in th.& same proportion. Bat 
it will be impossible to draw ucross the rays AB, AG, AD, and 
A F, any line not die arc of a concentric cirtilo, tbo si^gmc-nts 
of which wi[l consecutively represent the proportions of the 
segments BC, CD, and DF. If, therefore, raarching north- 
wurdti we nijtrk the pliices where the zenith distance is suc- 
cessively diminLshed by one degreOj and if those plaeoa are 
found on measurement to he sepiirated by equal intervale, we 
am justified in concluding that they are points in the surface of 
a sphere. 

Now if it be once admitted that the earth is a sphere, the 
centre of which is also the centre of the visible celestial sphere, 
then it foUowa that thu arc of the earth's meridian, which 
makes a change of one degree or the 3G0th part of the cireum- 
fercnco in zenith distance^ must be itself a degree, or 3(i0th part 
of the earth's circumference. By mo!u<(uring that arc, therefore, 
we learn the circuinferLincoand dtauieter, in short tlw dimensions 
of our globe. The first who cmde practical application of this 
inference and attem[ited to measure the earth was Eratosthenes, 
of Alexandria, who flourished about the end of the third century, 
B.C. Ho had learned that at Syene 
(Sj, H^. 22), at tbo southern limit of 
Egypt, the sun's raya un the longest 
diiy illumined the bottom of a deep 
well, whence he concluded that at the 
summiTwlsticti the sun (8) was in the 
zenith of Syene, Bnt he found also _ 
liy observation of shadows that at "^ 

AlcXiindria the sun at the same time was one 50th of tlie circum- 
ference (7° 12') from the zenith. He therefore concluded the 
distance between Syene and Alexandria, estimated at 5()00 
stadia, to be a SOth of the earth's circumference, which was 
accordingly 250,000 stadia* This exceeded the truth by about 
a seventh, the details of the csdculation being all inexact. Syene 
was not on the same meridian as Alexandria, nor was it exactly 
under the tropic ; and the distance between the tivo places 
estimated in round numbers hud no pretensiona to correctnesti. 
Yet to Eratosthenes belongs the merit of having first applied the 

d2 



Fig. 23. 



36 PHYHICAL GKOGEAFHT. 

right principle in the problem of measoring the earth, and in so 
doing of having made a better approximation to the truth than 
his immediate followers and imitators, Posidonius and Ptolemy. 
Of this attempt Pliny says, " Improbmn aosnm, verum ita sob- 
tili argmnentatione comprehensmn nt pndeat non credere.'* 
" A wanton exploit, yet devised with snch depth of reason that 
one is loath to disbelieve it.** It is corioos to find the Roman 
writer affecting to fear the impiety of bold intellectnal research. 
This fear of innovation is handed down from age to age, though 
each succeeding generation readily acknowledges the ground- 
lessness of past alarms. 

Many centuries elapsed before any decided improvement was 
made in the process recommended by Eratosthenes. It involved, 
it is easy to perceive, two totally different operations ; first, 
exact observation of the heavens, and, secondly, an equally 
exact measurement of the ground lying between the places thus 
determined. The great progress of Astronomy alter Copernicus, 
due to the labours of Tycho Brah^, Kepler, and Glalileo, together 
with the invention of telescopes, had already in the 17th century 
brought observation of the heavens to a perfection of which the 
ancients had no conception. As to measuring the ground for 
great distances in a straight line and with extreme precision, it was 
in a populous country obviously impracticable. Femel, a very 
eminent physician at the cotirt of Louis XL, having in view the 
problem proposed by Eratosthenes, measured in 1524 a degree 
from Paris to Amiens, by the revolution of a wheel ; and Nor- 
wood in England did the same thing between London and York ; 
but though both were deemed successful in their day, science has 
paid little attention to their labours. 

It was about 1615 that Willebrod Snell, of Leyden, proposed 
to survey a province of Holland by means of triangnlation. 
This happy thought, which has raised Geodesy, or the science of 
Land-surveying, to perfection, deserxes here a few lines of ex- 
planation. Since the three angles of any triangle are equal to 
two right angles or 180 degrees, it follows that if we know two of 
them we can find thence the third also. When we know the angles 
of a triangle (that is to say, their measure in degrees), wo learn 
also the mutual proportioDS of its sides though not their absolute 
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length. Yet in this case, if tho lengtli of one sido bo koowTi, 
the lengths of tho otlitsra aro easilj dcrivotl from ' it. Conse- 
quently when two angles of a. triangle aro known, and tlie length 
of one Eide, with the position of this side with respect to the 
known iingles, the problem ia solved^ and we leani the lengths 
and positions of the other two sides. Suppose, then, 
that A, B, and C (ftg. 23) iiro thj-cc placc^^ >'i3il)le from 
each ofheFj marked by church towers or by polea fixed 
on hill-topg, for the points to be observed ou^ht to be 
prceigi'ly fixed j from A may be observed the angular 
distance between B and C, or the angle B AC ; from B 
in liky manner may be observed the aiigle ABC; from •* ^ 

those may bo deduced the angle AC B, which completes the sum ol 
180 degrees, or by observing it tho correctness of the preceding 
opeKitions may be tested* If the distance A B be now measured, 
tho triangle is known in all rejupecta. But the aides A C and C B, 
the lengths of which have been thus learned, may belong to other 
triangles lying further off", and thus chains of triangloa covering 
a kingdom may be all calculated and the lengths ol' their sidea 
derived from the measurement of a Binglo line. 

It is obvious that this mode ofproceedinggreatlyescels the sys- 
tem of measurement adopted for ordinary land-3m-\'eying both in 
facility and correctness. Tho ohsen'ation of angles from towers 
or elevate positions may be made quickly and repeatedly, and 
with the fiuest instruments ; and owing to the strictness and har- 
mony of mathematicid deductions, they serve to t^-st each other, 
so that no error can Mcape detection ; and in the work of csd- 
culation the greatest precision is attainable. Tho tritmgles 
constitute a framework, whidi may be filled with details obtained 
in the usnal way, and the larger the triimgle, the more summary is 
the process and the more secure from error. The measured line 
from which the rest are calculated is calicd the base, A level 
plane of sufficient extent and free from impedimenta is selected 
for it, and no pains are ppared to obtain its length with tho 
utmost precision. In the suirey of the United Kingdom the 
sides of some of the triangles exceeded l(Kf miles. In general two 
bases at least are measured, connected with diflyrent parts of the 
workto check eachother, Ifthemeaanred length of each agrees 
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with its length calculated from the other, there can be no error 
in the whole extent of triangalation ioTolred in the calcnlation. 
In the triangnlatioQ of the British Isles, two of the principal 
bases measored were, that on Honnslow Heath 27406*190 feet 
in length (aboat 5 miles), and that near Longh Foyle in Ireland 
41640-887 feet, or nearly 8 miles in length. The differences 
between the measured and the calculated lengths of these were 
respectiTely bnt 0*173 and 0-216 of a foot, aboat 2 inches in the 
former, and nearly 2^ inches in the latter. The whole error in 
the length of the kingdom is probably less than 3 feet. The 
momitains of Wales and Westmoreland were connected with 
diose on the western side of the Irish Sea by means of the 
Bnmimond light. 

Snell carried his views into practice and measured by triangn- 
lation an arc of the meridian between Alcmaar and Bergen op 
Zoom. But his means were narrow ; and in those days, when 
logarithms were as yet unknown, the labour of the calculations 
required for his undertaking was enormous. He never there- 
fore advanced to completion, though he succeeded in pointing 
out to others the route to be pursued. The most laudable am- 
bition of Louis XIV. was that of seeing his nation foremost in 
the career of science. This was his motive when he directed 
Picard to measure a degree between Paris and Amiens. He 
could not have hit upon one better qualified to realize his desire. 
To all the scientific learning of his time, Picard added compre- 
hensive views, great zeal, and practical abilitj". He prepared to 
measure the required arc by triangalation, with advanced mathe- 
matical knowledge and with instruments far superior to any 
hitherto employed. His work, when completed in 1669, gave for 
the degree between Malvoisines, near Paris, and Amiens, 57,060 
toises, or 364,850 feet, which was very near the truth, the errors 
or omissions in the details, detected by the riper science of the 
following centuries, having luckily compensated each other. 
This was in itself a remarkable step in the march of science ; 
but it also indirectly aided an unexpected and much more im- 
portant advance. 

Newton was at this time engaged on his great work * The 
Principles of Natural Philosophy.' His views were probably 
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fully matured in 1667 ; but scmpulously exact^ he met with a 
cLeck in tim application of his theory, which made him delay 
their publication. He hold that the attraction of grm-itation, 
which on the earth's surface impels bodies falling to the ground, 
is tho damo force which hold;^ the moon in its orbit. The 
attraction in question he supposed to vary inversely as the square 
of tho distance at which it acts. At the distance of the moon, 
therefore, or of sixty times the earth *8 semidianieter, its force 
would he ji^ of that e:serted at the earth's surface, where a 
body falling from a state of rest acquires in a second a velocity 
which carries it uniformly through 32 feet 2 inches. It re- 
mained then only to e^ilculate the distjmce which the moon falla 
in a second to its orbit, from the rectilineal course in which it 
would continue were there no attraction. It ia obvious tiat the 
most weighty element in this calculation was the moon's distance, 
or rather the earth's radius, by which that distance was measured. 
Now Newton, in estimating the size of the earth, had assumed 
the length of the degree to ho 00 British miles ( 3 H^, 800 feet), or 
nearly a seventh less than the truth. His calculation therefore 
repulted in disappointment, and he doubted whether gravitation 
alone could account for the lunar motions. In 1681, however, 
he heard for the first time (so slow w^as the diffusion of ecientific 
intellfgeneo in those days) of the careful measurement of a 
degree in France by " one Ficard." Having obtained the 
dcpired particulars, and being Rtruck doubtless hy their favour- 
able aspect, he proceded to recjilculatc the moon's fall to the 
earUi ; hut overcome by emotion as he approached the wished- 
for result, he had ta call in the aid of a friend to finish the work. 
His theory, then found to l>e completely confirmed, was in 168G 
at length published. 

It is manifest that, as the earth rotates on its axis, the eentri- 
fngal force generated by its rotation must bo unequally distributed 
over its surface. When a weight fastened to a string in whirled 
round it forcibly stretches the string, because its tendency at 
every instant is to go off" in a tangent to tho circle to which the 
string confines it. This tendency to recede from the centre ig 
called the cenlrifu^'al force, which in all cases increases with the 
velocity of the rotatory movement that gives birth to it. Now 
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on the earth the velocity of rotation, and consequently the centri- 
fugal force, is greatest where the circumference is greatest, that 
is, at ihe equator. At the pole there is no ceutrifugal force, 
because there is no circle of rotation, but only a point. Between 
the pole (P) and equator (E, fig. 24) it increases with the circle 
of rotation or its radius a b, which is in 
every case equal to the cosine of lati- 
tude. But the centrifugal force here 
spoken of acts entirely in the direction 
of the rotation, or perpendicular to the 
axis. At the equator, therefore, it is 
directly opposed to gravitation, the 
latter tending to the centre of the 
earth, the other from it. Here, there- 
fore (at the equator), gravitation is 
diminished by the whole amount of centrifugal force. But at a 
distance from the equator, as at a, gravitation pointing to the 
centre of the earth and represented by a C, is not perpendicular 
to the axis, and therefore not directly oj)posed to centrifugal 
force, but makes with it an angle equal to the latitude of the 
place ; and if the rotatorj- force a 6 be resolved into its hori- 
zontal and vertical components hd and c?a, it will be seen that 
the latter, which stands directly opposed to gravitation, is to 
the whole a & as the cosine of latitude to radius. Thus it ap- 
pears that the whole centrifugal forces varies as the cosine 
of latitude, and also that the vertical component of it, or that 
portion of it which counteracts gravity* and which alone is often, 
though incorrectly, called the centrifugal force, varies in the 
some ratio ; whence it follows that the diminution of gravity 
from the pole to the equator, or its variable element due to 
the centrifugal force, varies cvcr}T\here as the square of the 
cosine of latitude. 

Since the diminution of gravitation resulting from the rotation 
of the earth is greatest at the equator, and decreases thence 
towards the poles, it follows that the sea, in order to establish 
equilibrium, must rise higher at the equator, where its grantj- is 
least, than at the pole, where it has the greatest weight, and 
where the horizontal component of the force generated by rota- 
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tion driTM the sea towards the eqnntorinl refjioii. Etit the figure 
of the earth being det^rminod by iho surlhw of the sea, caiinot he 
a perfect sphere, bocaase were it even so fomiod in the first 
instance, its liquid covering would, under tlie influincfl of rotution, 
raise it at the equatorial region and depress it at the poloe. 
Newton found that the centrifngal force at the eqnator ia eqnal 
to the 2S9th part of gravity j and investigating tlie figure of the 
earth, on tho provisional assumption that it is homogeneous or 
of equal density thronghont, he concluded that it ia a flpheroicl 
with a polar compression of ^^, that is to Bny^ the polar ia to the 
equatorial axis au 229 to 230. 

The ianguiige ordinarily used, which assnmes that the earth's 
attractive power resides in its centre, is totally erroneouB, ITiQ 
attraction of a distant body may be conveniently assigned to ita 
centre, becanse the resultant of the attractions of every ittom in 
that body may bo supposed to ftass through or very near its 
centre^ Tlie attractiou of the earth nt its surface is obviously 
dut^ to the whole globe, and not to ita centre alone. Below the 
surface, and on Newton's supposition that the earth is honio- 
geiicous, gravitation diminishes in the sajue ratio us the di^tunoe 
from thci centre, where it totally vanishes* It is certaioj however, 
that the earth ia not homogeneous, hut inerenses in dfmsity 
towards the centre^ and therefore gravitation does not im- 
mediately decreaiie below the surface, nor until the stratum 
above U siifHcient io counteract the effect of approach to tho 
denser cjjiitre. Tlie modifications of gravitiition on tho earth 
may be briefly recapituhited. In consequence of rotation it ia 
diminished at the equatj^r by a 289th part^ and the immpdiato 
efiect of this is an adiustnicnt of the figure of the terraqueous 
globe^ the waters rising as their weight is diminished. But tho 
attraction of a body proceeding from every point of it and not 
from a single point, must depend in some degree on its figure. 
Now on that account the compressed hemisphere of a spheroid 
attracts a body on ita snrface more powerfully than the more 
convex bemisphere ; for it is a more compact masff^and ib forwrs 
Bn coliectiTcly nearer to the surface, as is manifest when the 
convex ia placwl mthin tlie oblate hemisphere. The gravitatit^n 
at P, due to the oblate hemisphere E P B, exccoda that at e 
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in the more convex hemisphere pep (fig. 25). On this accoantj 

as well as on that of the absence of ^'^- 25. 

centrifugal force, gravitation at the pole 

exceeds that at the equator by a 194th 

part, that is to say a body weighing 

194 lbs. at the pole would weigh 195 lbs, 

at the equator. 

From the compression of the polar and 
greater convexity of the equatorial regions, it follows that degrees 
of the earth's surface increase from the equator to the pole. A 
degree is the 360th part, or, rather, the angle subtended by that 
part, of the circumference of a circle. Now were the earth a 
perfect sphere, all lines vertical at its surface would pass through 
its centre ; and those dividing an hour-circle of the heavens 
into equal parts would divide a terrestrial meridian in like 
manner. But since the earth is a compressed spheroid, and not 
a perfect sphere, lines vertical to its surface have not all a 
common centre, but converge further from the circumference as 



Fig. 26. 




the convexity decreases, that is, towards the pole 
(see fig. 26), and consequently the terrestrial arc 
corresponding to a degree of the sphere increases 
from the equator towards the pole, because with 
increasing radius am^bnyCOj dp, it marks in fact 
a degree of a greater circle. It caused some 
sensation therefore in the scientific world when 
De la Hire, ha^-ing continued Picard's measure- 
ments to the north and south, announced in 1718 
results adverse to Newton's conclusions. They were as follows: — 

toisee. feet. 

Tlie degree between Bourges and Paris 57098 365,346. 

„ „ Paris and Amiens 57060 365,103. 

„ „ Paris and Dunkirque... 56970 364,527. 

From this it would appear that the measured degree decreases 
towards the north instead of increasing as theory required. But 
it was felt that the theorv of gravitation and its consequences 
respecting the figure of the earth could not be shaken by a few 
discordant results obtained in middle latitudes ; that to tr\- it 
fairly by experiment, degrees ought to be mcasuretl under the 
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equator and within the polar circle. The zeal of scientific inquiry 

was now fully awakened. ExpiMiititms wer« sent to Peru in 

1735 under Bouguer and La Cimclainine, the awno of whoso 

labours loy in thf pk-vated vallpy of tlio Andes ; and to La[>Iiuid, 

where Maupertuis (173C) measured his base upon the icoj the 

results obtained w^ere : — 

Length of the degree. 

In Pent (meim lat. 1" 31' ItfO.— -. 5^,737 tqi8e5 = 3r>3,038 feet. 

In Lapland (mean lut. GG^ '2(f 10") S7,11HJ „ =3(i5,774 „ 

Thus polar compression was aatisfhctorily proved. Since that 
time sereral tri angulations of more or less extent haye been 
executed, for the purposes of civil administration or to gratify 
Bdentific curiosity. Only four of them, however, need be here 
mentioned* Towards the end of the laat century the French 
.nation nndertook that measurement of an arc of the meridian 
between Barceiuna and Dunkerque, which had for it*^ immediate 
object to determine the exact length of the quadrant (110°) of the 
globe, the ten millionth part of which was to bo taken as the 
metre? or standard unit of measure. It wjis substqueutly extended 
to the island of Formentera, near Minorca, thus embracing 
12° SO* of latitude. The further continuation of it to the 
Orkney Inlands has never been published. The Tri angulation 
of the British Islands was commenced in 1802, and attained in 
its progress a high degree of perfection. It& longest arc of the 
nieridinnj from the Scilly Iftlands to RhiHland, Im? a k-n^th of 10° 
57' 54" degrees. The Trigononietrica.1 Sur\'py of India, begun in 
1825 at Punnffi, near Cape Conionn, has been continued to Kalian- 
poor, at the foot of the Himalayaj a distance of more than 21 
degrees. Lastly, a chain of triangles has been carried across 
European Ilu.«sia from Ismail, near the month of the Dannbti, to 
Fnglena:3 in Finland, nbove i!5 degrees. The Ilu,=;sianB have also 
commenced geodetictd operations in Asia ; and some points have 
been fixed by them even in the Tliian Shan Mountains, in the 
middle of the? continput. One of these points was recently visited 
by British officers who accompanied Mr. Forsyth iu hisi embassy to 
Turkestan. Thus some connexion lias been egtablished between 
the scientific labours of Rnssia and Great Britain. Tlie following 
bripf Table will sutfice to show the b-ndt-ncy of tlie results 
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obtained by these measnrements, all but the first relating to the 
northern hemisphere. 

Length of a d^ree Length of a degree 
Latitude. of the meridian. of the paialleL 

362,644 feet. 365,185 feet. 

10 362,850 „ 359,677 „ 

20 363,175 „ 343,292 „ 

30 363,660 „ 316,532 „ 

40 364,523 „ 280,131 „ 

50 364,886 „ 235,195 „ 

60 365,482 „ 183,099 „ 

70 365,788 „ 125,270 „ 

80 366,300 „ 63,619 „ 

90 366,489 „ „ 

Thongh trigonometrical snrrejs all over the earth concur in the 
general conclnsion ihai the degree lengthens and the earth grows 
oblate or compressed towards the poles, they do not agree in 
minate particulars, bat abound in discrepancies not attributable 
to error. Hence it is impossible to unite them in any perfectly 
regular figure. But the earth is approximately represented by 
a spheroidal figure with a compression of nearly a st^th ; and 
the irregularities scattered over this spheroid are relatively so 
minute, that on a perfectly executed model, four feet in diameter, 
the eye could hardly detect them. The dimensions of tiie earth 
are, according to 

Bessel. Airy. Capt Clarke, 

miles. miles. miles. 

Equatorial Diameter... 7925-604 7925*648 7926*686 and 

7924-826 

Polar Diameter 7899-114 7899-170 7899-203 

Polar Compression ... 26-471 26-478 

According to Capt. Clarke the equatorial section of the earth 
is also elliptical, its greatest and least diameters differing by 
nearly 2 miles. The vertices of the former are in 14° 23' and 
194° 23' E., those of the latter in 104° 23' and 284° 23', Thus 
the compression varies round the axis, its limits being ~. and 
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Tho mcasuremont of a degree includea two very different 
operai'-iong. First, hvo points are found in tho saino mt- ridian^ 
the zeniths of which are exactly a degree asunder; and socondlj, 
the distance between these points is aseertiuned hj meiisurement 
or exact calculations founded on actual measurement. Now it ia 
quite possible that thougli the figure of the earth were perfectly 
regular, its division into degrees might be rendered irregular 
by unequal gravitation. This irregular gravitation has been 
detected in the observatory of Edinburgh, in the Isle of Wight, 
and elsowhore in Great Britain. The plumb-line is irregular 
about Moscow, where ttere are no inequalities of surface to sug- 
gest an explanation. But the most remarkable in&tanoo of 
abnormal gravitation occurs at the aoutliera base of the Himalaya 
Mountains- In consequence of it, we are told, the sea at Karachi, 
near tho mouth of the Indua, ia 514 feet above the sea at Cape 
Comorin, tho lino of level buing raised to that extent by the 
attraction of the mountains. 

The existence of local attractions, which distnrb the vertical 
line and the true level, is fully proved by obsen^ationa with tho 
pendulum. A weight suspended by a cor<I, or, as the pendulum 
IB usually conatmcteJ, a disk of metal attached to a slender wire 
and allowed to swing back and forward or to oscillate freely, ia 
impelled by gravity alone ; and for the purpose of measuring 
gravity it becjune important, as soon as Huyghcns demonstrated 
that its oscillations in small arcs (not cxcc«lii]g 4") are aU made 
in equal times, that the time of oscillation varies as the square of 
the length of the pendulum, and that the time of oscillation is 
to the time in which a body would fall from a state of rest down 
the length of the pendulum as the periphery of a circle to its 
diameter. We are thus enabled by observing the oscillations of 
any pendulnm of kno^vn lengtrh and ascertaining their rate, to 
deduce from them the length of the pendulum that would in the 
same place beat exact seconds, and al30 how far a body would 
there full in a seconds or the force of gravitation. 

It was already remarked in 1671, by Richer at Cayenne^ that 
the pendulum that beats seconds in Paris is too slow near tho 
equator and requires to he shortened. This phenomenon, which 
drew much attention at the time, was cxplaiuod at once when 
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Newton showed that gravity decreases towards the equator. 
Since that time experiments with the pendulmn have been made 
in all parts of the world ; Capt Kater improved the mode of 
using it, and Sir Edward Sabine carried it from the equator to 
Spitzbergen in lat. 83°. Its collective indications exhibit clearly 
the increase of gravity from the equator to the poles ; but they 
prove also the existence of much irregularity arising from local 
causes and within very narrow limits. Indeed a competent 
authority has pronounced that the pendulum is rather a geological 
than a. geographical instrument, by which we must understand 
thai it indicates rather the attraction of the adjacent rocks than 
the gravitation of the earth. But it must be observed that in 
this respect all bodies close to the earth must resemble the pen- 
dulum. In the latitude of London the length of the seconds 
pendulum in vacuo and at the sea-level is 39'13929 inches. 

At a height of a few miles above the earth a pendulum in a 
balloon would oscillate more slowly than at the surface of the 
ground, showing a decrease of gravity. But at the same elevation, 
on a moimtain, it might move faster, because the moimtain is an 
attracting mass and might add to the attraction of gravitation at 
its base. Thus the pendulum oscillates more quickly on the 
summit than at the base of Mount Ararat. Now if we could 
estimate correctly the dimensions and specific gravity of the 
mountain that accelerates the pendulum, and the distance of its 
centre, we might compare its attraction with that of the earth, 
since we know how they each act on the pendulum ; and also the 
size of the earth and the distance of its centre. We might then 
deduce from the comparison of volumes and of masses the specific 
density of the earth. This was done by Carlini on Mount Cenis. 

The same problem may be solved bv means of any distinctly 
traceable source of irregular attraction. Suppose a mountain of 
granite running east and west (fig. 27), p- 37 

and two stations on the same meridian 
on its opposite sides, with the distance 
between them ascertained by measure- 
ment to be exactly 6060 feet, or 60 se- 
conds of space, which is about equal to 
a geographical mile or minute. Now if observation of the 
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hfflivens or zenitli distances wero to make the angular distance be- 
twoon those stations uppnar to he not tiO hut <j5 seconda, wr should 
hy juj^tified in supposing tlmt tho additioua.1 iive seconds were 
lidded bv the attraction of the mountain, which, drawing the 
plummets on both sidos toward'^ it, incrciisod the diver^enoa 
upwards of the two vertical Hnes a h and c iL But when wo know 
the inchnation of thu pluinmot to the true vt^rtical lino which 
pa£sea thron^th the centre of" tlie sphere, we know the propor- 
lions of the two forces acting on it, horizontal and vertical. The 
one procoeda from the mountain, of which we can estimate the 
volume, specific density, and distance, the other from the earth, 
of which wo know the size and distance, and loam the specific 
density by this comparison. Of this naturL* were the experimenta 
mode in 1742 at Schehallien iu Portlishire, where the deviations 
of the plnimneta on both sides amounted to ll'CB seconds. 

But again, the earth's power of attniction may be compared 
with that of any body of perfectly known size and density. 
Suppoee a slender beam suspended by a fine wire and bearing 
small balls of metal at its extreinitiea 
(fig. 2>^), These, if the beam be set 
in moHon, will oscillate nnaffected by 
gravitation, their rate of movement 
depending on the length and elasticity 
of the wiiB. But if near the path of 
this movenieat there be placed t^vo 
large iron balls, one near each end of 
the beam, the oscillation will he found 
to bo mnch accelerated, the small baUs receiving an impulse from 
the greater, as the pendulum does from the earth. Hltc wo know 
the volume, specific density, and distance of the attracting mass ; 
and by comparing its action with that of the earth on the pcn- 
dnlnm, we are able from the earth's size to calculate its specific 
gravity. The instrument just described, called the Torsion-balance, 
was employed by Cavendish to determine the weight and density 
of the earth. Again, in 1H43, the same experiment was repeated 
by Mr. Baily, with additional precautions. 

Afl the observed eft'ect of a perfectly cjilculable addition to tlie 
earth's mean attraction may enable us to calculate the epeeific 



Fig', ea 



2- 



-2 



4 



48 PHYSICAL GEOGRAPHY. 

densify belonging to the latter, so a well-ascertained diniination 
may serve the same purpose. When we descend below the sni^ 
face of the earth, the portion that remains above us counteracts 
instead of contributing to the effect of central attraction. When, 
therefore, we ascertain the effect of the counteracting stratum, 
with its thickness or proportion to the whole eartli and its specific 
density, by examination of the rocks, we have the means of cal- 
culating the specific density of the earth. This method was put 
in practice by Mr. Airy in 1853 at the Harton Colliery, near 
Monkwearmonth, Durham. He observed the oscillation of pen- 
dulums at the surface and at the depth of 1256 feet below it, and 
spared no pains to learn the configuration of the ground and the 
nature of its rocks. These various attempts to determine the 
mean density of the earth have yielded the following results : — 

Maskelync (on Scheballien) 4*713 

Carlini (on Mount Cenis) 4*950 

Cavendish (torsion-balance) 5*448 

Baily (torsion-balance) 5'567 

Reich (torsion-balance) 5*438 

Col. James (from attraction of Arthur's Seat) 5*316 
Airy (Harton Colliery) 6*565 

Omitting the last result, which does not pretend to give the 
specific density of the earih at its surface, and also the first two, 
as found by a mode of proceeding not admitting of extreme 
accuracy, the mean result will be 5*G6. The density of the 
earth's centre is probably about 11. 
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CHAPTER IV. 

The Earth aasumed to be a Perfect Sphere. — Positions on it how determined. 
— The Pole and Equator. — Latitude and Longitude. — The Zenith and 
Horizon. — Altitude and Azimuth. — ^The Representation of the Earth. — 
Insuificiency of the Artificial Globe. — JIaps — modes of projecting. — 
Ortho((raphic Projection. — Stereographic. — Development of a Cone. — 
Flamsteed'a Projection. — Mercator'a Ch^ — ite Peculiarities. 

The earth may be assxuned to be a perfect sphere, since its 
deviation from sphericity is so minute as to be undiscoverablo 
without the aid of powerful instruments and refined calculation. 
We may picture it to ourselves as a globe 7918 miles in diameter, 
and having a circumference of 24,870 statute miles (of 5280 feet). 
The mean degree, or 360th part of a great circle on its surface, 
has a length of 69'15 statute miles ; the minute, that is the 60th 
part of a degree or the geographical mile, measures about 6072 
feet, and the second 101 feet. 

The fact that equal linear distances measured on the earth 
correspond exactly with equal angular distances observed in the 
heavens, proves, as already remarked, that the earth is a globe. 
If we go northwards towards the terrestrial pole, the pole-star at 
the same rate approaches our zenith ; if wo go southwards to the 
equinoctial line, we there see all the stars rise vertically and 
describe perfect semicircles round the heavens, while the poles 
are both visible at opposite points of the horizon. 

Thus it appears that the place or geographical position of the 
observer on the earth may be learned by its reflection, as it were, 
from the heavens. But as positions in the celestial sphere may 
be accurately determined by reference to the equator and to great 
circles drawn to it tlu-ough the pole, so positions on the earth's 
surface can be fixed by similar means. The meridians drawn on 
the globe take the place of the hour-circles in the heavens, and 
the equinoctial line represents the equator ; then the geographical 
position of any place is accurately determined by the measured 
arc of the meridian, between that place and the equinoctial line, 
and by the arc of the latter bet\veen its zero or initial point and 
the same meridian. The former of these, the distance measured 

£ 
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on the meridian, is called the latitude, the latter or equatorial arc, 
the longitude of the place. And hero it must be remarked that 
though the same process serves to determine points in the heavens 
and on the earth, its results in these two cases are described in dif- 
ferent tenns. Latitude and Longitude in geography correspond 
to Declination and Right Ascension in astronomy, which applies 
the former terms to arcs respectively measured on and perpendi- 
colar to the ecliptic. The zero-point of the reckoning in longitude 
may be arbitrarily fixed at the intersection with the equator of 
any selected meridian ; but the most convenient meridian for this 
purpose is that which passes through an observatory, and which 
serves as a basis for the calculations that appear in Ephemerides 
and tables for na^ngation. Hence in Great Britain and a great 
part of the commercial world, the meridian of Greenwich is 
assumed as the zero- (not the first) point of longitude, which may 
be read eastward 180 degrees and westward to the same extent, 
or 360° continnoosly round by east. 

In order to assign to any point on the earth's surface its true 
place on tlie meridian, it is only necessarj' to obser\e the distance 
between its zenith and the pole, or what is called its zenith dis- 
tance. This, since the pole is 90° from the equator, is the com- 
plement of the latitude. Thus, if the Yig. 29. 
zenith distance PZ (fig. 29) be 38°, the x' ' 
latitude E Z \*ill be 52°. But again there /^CT~^X 
are 90°, Z H, between the zenith and the / \ ! /f 
horizon. Consequently the zenith dis- ^( ctL<^...J™' 
iance is the complement of the altitude of I ^^'y. I 
the pole P H, or its height above the hori- X' \ / 

zon. The altitude of the pole P H, there- ^- 

fore, is always equal to the latitude of the place Z E. The altitude 
of the equator, E H, or its height above the horizon, is eqnal to the 
zenith distance P Z, and therefore would serve as well as the 
bitter for obtaining the latitude, if it could be easily and correctly 
obser\-ed ; but obsen-ations on the horizon are on many accounts 
objwtionable, and the equator is but an ideal line drawn through 
the stars and not directly obsenable. Yet obsenations on tihe 
horizon are in pmctice vcrj- important, and therefore very 
frequent Thus the seaman observes with his sextant the meri- 
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dian altitudu of the sun, or its bright above the horizon ; 
and from tho ' Nautical Ahnanuck ' h^.- k-arne tbu sun's decliniition 
or distance from tliH fiqiiator at the same instant ; tlien by .siili- 
tracting thy d<.'elinatii:jn from, or adding it to, tlio altitude, 
according as he is or is not on the same side of the efjuator as 
the sau, he finds the altitude of thi? equator, which hfing sub- 
tracted from &0° gives him his latitnde, 

Tlte loncrituds of a place is determiDed hy finding the difierence 
of diurnal time between it and tby initial meridian. The earth 
rotates at the uniform i-atu of about lo degrees in an hour, or one 
degree in four minutes. When it ie noon, therefore, on the 
meridian of Greenwich it is only 11 o'clock at any point 13 
degrtioa further west, while it is 1 o'clock at tho sajiio distance 
to the east. To find the difference of longitnde between two 
places, is the same problem as to determine what time elapses 
between their noons, or hoiv much time the sun takes in passing 
from the meridian of the one to that of the otter. Now if those 
phenomena of the heavens which are seen at the same instant 
from all parts of the eartli where they are visible, such as tie 
occultations of Jupiter's 8at*;llite», Ihj calculated and announced 
beforehand, with a fttatrmentof the exact times of tbeir occnrrBnee, 
their continuance and various phases on the meridian of Green- 
wich, tljey funiish the means of finding the difference of time 
between that and other meridians. The observer notes the time 
intervening lietivepu hia noon and the occurrence of the pheno- 
menon, and comparing that mth the time assigned in the 
* Nautical Almanack ' for its occurrence at Greenwich, he learns 
the difference of time bet^veen tho two meridians ; and this differ- 
ence, changed into geographieal distance at the rate of a degree 
to four minutes, is tho required longitude. The correctJieBa of 
the rcjiult^s thus obtained will depend of course on tiie regular 
going of the observer's watch or chronometer. Tho methods of 
determining longitude a» well as latitude are various ; but here 
it will be sufficient to have explained their leading principles and 
simplest means. 

Being thus enabled to detemiinej by means of reference to the 
celestial fphere, the exact positions or places on the earth, we 
have no ditficulty in representing it on a globe with all its 
natnral and acquired features, its lands and seas, its rivers, towns 
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Ac., each in its proper place. For this purpose two points, 
P P, exactly opposite to each other on the glohe, most be 
selected for its poles or the extremities of its axis, and halfway 
between these most be drawn the great circle that divides the 
globe into a northern and Boathem hemisphere. This, the 
terrestrial eqnator or equinoctial line, marking a plane perpen- 
dicular to the earth's axis, divided into 360 equal parts or 
degrees, is intersected at equal distances, say every ten degrees, 
by great circles drawn through the poles. These circles are 
meridians, one of which being selected for the initial or zero, 
improperly called prime, meridian, they are nombered ac- 
cordingly 0, 10, 20, &c 

from W.'to E. continuously ^W- ^ 

up to 360°, or both east^ 
ward and westit'ard up to 
180° (fig. 30). Theserepre- 
sentative meridians 8er%-e 
the purpose of facilitating 
reference to the numera- 
tion on the equator, and of 
exemplifying their use, but 
have no exclusive right to 
their titles ; for a meridian 
maybe drawn through any 
point on the earth's sur- 
&ce, and may cut tLe de- 
gree on the equator into any fractional parts. 

The initial meridian is divided in like manner, the quadrant or 
fourth part of the circle from the equator to the pole containing 
90 degrees, which are numbered from the eqnator, this being 
the initial point or 0°, while 90" reaches the pole. At every 
tenth degree a circle, drawn parallel to the eqnator and therefore 
perpendicular to the axis of the globe, cuts the meridians equally. 
These are called parallels of latitude, and are not great circles of 
the globe, since they do not pass through its centre. In fact they 
diminish towards the pole, the radius of each such circle being 
equal to the cosine of its latitude. Nor are the functions of 
circles of latitude any more than those of meridians, confined to 
ihe few representatives of the class marked on the globe, since 
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a circle of latitade may he drawn through any pDbt^ and ibi 
distance from the equator may contain any fraction of a degree. 
TLy surface of tlie glotw being divided by lines di-.iwn at 
equal tllstances io the planes passing through tho axis (the 
ineridianB), and by others in planes perpendicular to tbo ttxia 
(circles of latitude)^ it only remaina to delineate on it the detaila 
fumisheJ by snrveys of difforent countries, the longitude of 
each place as found on tho equator, reckoning from the initial 
meridian^ and its latitude, reckoned on the meridian drawn 
through tho point thus found, determining its position. The 
delineation thus made, if founded on good and anfficient obser- 
vations, may he considered as an image of the earth reflected 
in some di}grtye from the heavens. 

The artitidal globe is usually fixed so aa to rotate on its axis, 
in a circle called the genenU meridian, which is placed vertically 
in another circle representing the rational horizon, and lies in a 
plane that passes through the centre of the globe. The sensible or 
tprrestriai horizon {opi^tav, hotmiUnff) is the circle which bounds 
our viL'W on the earth's surface, tlie sensible horizons of different 
places therefore pass through different points. But with respect 
to the stars, the earth being reduced by distance to a mere 
point, tho celestial or rational horizon may be considered as 
pa&sing always through the same point or its centre* The 
great circles dra^vii through the zenith^ and therefore perpen- 
dicular to the horizon, are called verticals ; and by reference to 
these the positions of objects in the heavens may often be con- 
veniently determined ; they stand in the same relation to the 
horizon as the meridians to the equator. The measured arc of 
the horizon, reckoned from the north or south point of the horizon, 
is called the azimuth, and that on the vertical, reckoued from the 
horizon to the zenith, is the altitude. Azimuth and altitude can 
always be converted into longitude and latitude when the ob- 
server'p geographical position is known. The ecliptic ia absurdly 
marked on the artiticial terrestrial globe, with which it has no 
connexion. It does not revolve with the globe, but belongs 
wholly to the celestial sphere. 

The instramenta of observation required for geographical 
observation are now made so perfect and so portubh^, the value 
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of sach observations is ao generally understood, and ihe oppor- 
tunities of making them so many, that it is a matter of wonder 
how rare they still are in the latter half of the nineteenth 
centnry,and how few pages of a scientific character are to be found 
in a dozen Tolnmes of travel. How much may be done by an 
accomplished traveller who knows how to use instruments and how 
to take care of them, may be learned from the * Gr^od<5sie d'Haute 
Ethiopie * of M. Antoine d'Abbadie, a work unique in the ven' 
ample literature of travel. 

A globe, however perfectly it may represent the whole earth, 
must be unsatisfactory as regards particular countries. It does 
not place them conveniently before the eye, nor does it admit of 
a scale so magnified as to show minute details. Hence it is 
desirable to transfer the delineation from the globe to a sheet of 
paper so as to construct a map. But here comes a serious difficulty. 
The surface of a globe is not a plane, nor convertible into a 
plane ; and the delineation on it cannot be transferred to a plane 
without great and unequal changes in its proportions. Since 
the spherical surface, then, cannot be copied faithfully on a plane, 
it must be copied according to some system, simple and in- 
variable, so that the errors or distortions attending the transfer 
of figure from the globe to the plane may be fully understood. 
The globe is generally represented by what are called projections, 
or representations of it, such as it would be seen from certain con- 
ceivable points of view. The projections chiefly employed for 
planispheres or hemispheres reduced to a plane, are the ortho- 
graphic and stereographic. 

The orthographic projection {6p0o^j perpendtadar) represents 
the sphere as it would be seen from a point infinitely distant. The 
lines jjrojecting it, therefore 



(fig. 31), are all perpendicular 
to A B, the plane of projection, 
andgivea perpendicular view of 
it, optically true, and of course 
only partially complete; for 
while the part (at C) that meets 
the line of vision at right angles 
is seen in its full proportions, 
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Fig. as. 



Fifr.33. 
A 



the rest ia foreshortoned more or loss in proportion to its 
obliquity (H^> ^i). In short this 
method of projtiction gives a rppre- 
Bcntation of tJbc globe, raikvr pic- 
torial than googriipliical , and is 
littkt usi^d, except lot maps of the 
MoDQ, which ftlways turns towards 
ua ono fnce and is known only from 
its appearance. 

In the stercographic projection 
(ffrepeof, soluf) the eye ia suppoaed 
to he placed at a point on the sphere 
exactly opjiosite to the point whore 
it IB touebcd by the plane of pro- 
jection (fig. 33). In this wise the 
latt^ra] parts (of the semicircle A C B), 
thuupih seen obliquely, are not con- 
tRict4Kl, but, on the contraiy, en- 
larged, 60 that the contraction takes 
place in the middle of the map 
(lig. 34). Bat this inequality of 
scale is not so cxcessivo as to 
conutfrhahince the otlier merits of 
the stereographic projootion, which 
is generally preferred for maps of 
the bemispherej!. 

Since the- ortliofjrapbic projection 
contracts while the etereogra^diic 
enlarges the marginal portions of the 
field of view, it was natural that 
attempts should be made to mediate 
between them and to place the eye 
not in contact with the sphere nor 

infinitely distant from it^ but at some intermediate point. If 
the eye instead of being placed clof^te to tlie sphere, views it from 
a distance equal to the sine of 45° or about soien twentieths of 
the diameter, the lines drawn to it from the concavity of tli» 
sphere will divide the plane of projection into parts very nearly 
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equal (fig. 35). This is the merit of the Globular projection. But 
the same plane may be at once cut 
into equal parts by the Equidistant 
projection. These yarious modifi- 
cations, however, do not remove 
error, but only aim at its conceal- 
ment or specious distribution. The 
mode of drawing them may be 
learned from any treatise on Charto- 
graphy. Here we have no con- 
cern with them but to point out 

that they do not enable us to represent the surface of the earth 
collectively in its true figure and proportions. 

It is evident that in any kind of projection there is little error 
at the point where the plane of projection touches the sphere. 
The change of scale and distortion of figure generally increase 
with the distance from that point, and as the surface of the 
sphere recedes from the plane. But a sheet of paper may be 
placed on a globe so as to touch it along a line, and not merely 
at a point (fig. 36), It then forms not a phine but a portion of 
a conical cylinder, which may be afterwards 
unfolded or spread out into a plane, so that if ^"S- ^ 

the projection be made on the interior or con- 
cave conical surface ata, it will afterwards form 
a map, the faultless part of which is not con- 
fined to a point, but runs along an entire line 
of the enwrapping paper. The development of 
a Cone, as this is called, is the kind of projection 
generally employed in representing portions of the earth's surface. 

In order to derive from this system of development all the 
ad^'antage belonging to it, the limits of the map remote from the 
line of projection ought to be collectively at the least possible 
distance from it, that is to say, they ought to be equally distant 
from it ; the line, therefore, that marks the contact of the cone 
with the sphere, ought in general to run along the middle of 
the map. But the pi-culiar nature and purposes of the map must 
be in all cases considered ; accuracy may be more desirable in 
one part of it than another. If the northern half of the map 
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Fig. 37. 




were all land and the southern half sen, tbeti the line of pro- 
jection ought to run through the nntUlk^ of the northt^m half; 
over tlio sea where no poiuta uro niarkiHl, there can be no 
Hccuniulatiou of error. 

By the development of a cone, the changeful scab and dis- 
tortion of map& is kept witJiin some bounds in one (Hreotion — 
that in which the eone and sphere are in contact ; but in the 
ttrinsverse direction error increases r«tiidly with the distance. 
Wliere the iv?^rion, thcreforr, to ha mapped has great breadth, it 
luis been found expedient to muko two Hnea of contact (fig 37), 
by supposing the cone not merely to touch tho sphere, but to 
cut through it at l and r, so that the distance 
everywhere between the spherical surface on 
the one hand, and tie concave face of the 
cone on the other, niaj bo the least possible. 
This end is generally attained by making 
the three intervals, via. those between the 
■northern and southern limits of the map 
and the lines of contact, and that between the latter tolerably 
equal. Thus in the Map of Europe which extends l)etween lati- 
tudes 3^1° and lb^\ the parallels selected for the passage of the 
conical through the spherical .snrfaco are the 45th and G5ih.. In 
that of Asia, stretehing from lat. 5" to kt. 80°, the selected 
parallels are the 25th and 60th. Africa extends nearly to the 
same distance on both sides of the equator ; aiid the plane bent 
along this circle tokea the form, not of a cone, lint of a cylinder. 
Hence, in the maps of that quarter of the globe, the pamllels of 
latitude are straight lines, whereaa in those of Europe and Asia 
they are portions of ellipses. 

If we draw meridians approaching each other towards the pole, 
as they do in reality on the globe, and then draw parallels cut- 
ting them at right angles (fig. 38), we may 
construct a map in some respects tolerably 
correct fur a few degrei^a ; but as neither 
,the meridiang nor parallels are fjtraight 
lines, cuirature and distortion, with con- 
tinual change of bearings, increase in it 
from the centre to the margin. If the 
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parallels be straight lines (fig. 39), we shall then have Flam- 
steed's projection, eligible in but a few 
cases, yet re\'iTed not many years ago by 
M. Babinet, under the title of the Homo- 
logous projection, and claiming the ad- 
vantage of preserx-ing unchanged the true 
areas of eountries. But this pretended ad- 
vantage is merely theoretical. In practice the exact areas can- 
not be preserved unless faithfully copied ; and where figures 
must be distorted, fidelity cannot be expected in the copy. 
Geography gains nothing by sacrificing figure to area. Flam- 
steed knew the defects of his projection, and never dreamt of its 
universal use. 

One of the most useful projections is that which bears the name 
of its inventor, Mercator (the Latin for Kaufmann or Merdiant) ; 
and it is also that which exhibits in its fullest light the difiference 
between plane and spherical surface. When a seaman would 
sail directly to any distant point, he can steer his course only by 
reference to the pole or the meridians ; but if, persisting in one 
direction, he always cuts these at the same angle, then his 
course or Loxodromic line, as it is called, cannot be a straight 
line, but becomes a spiral ; and as the simply direct course be- 
comes on a globe a curve constantly changing its direction, it is 
a difficult problem in all cases except in sailing due north or 
south, or along the equator, to find the course which will lead 
directly to a distant point. But this difficulty is got rid of in 
charts in which the meridians as well as the parallels of latitude 
are all straight lines, and in which the chief object sought and 
attained is to show everj- thing in its true direction. To this 
presenation of bearing or direction is necessarily sacrificed the 
considerations of relative magnitude and of uniformity of scale, 
which to the navigator are of no importance. 

Since the meridians in Mercator's chart are all parallel straight 
lines, the arcs of parallels intercepted by them must be equal 
also (fig. 40). But in reality those arcs of parallels with the 
degrees of longitude measured on them diminish from the equator 
to the pole in the ratio of the cosine of latitude to radius, or of 
radius to the secants of latitude. By remaining constant in 
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Mtircator's chart they arc DiEi^iifii^d inversely in that ratio. 

Fig. 40. 



Ud ue a» ur 



H w 40 n D M»agointt»iiPi»MOtf*i» 



>. 



\ 



"^ 



W 



1\^ 



ir 



^^ 






Oonseqnently tho dpgroos of latitndy jirf mndo to incrpase in 
like nuinner in tli(> chart, bo as to ho proportional to the secants 
of latitude. Thus all is magnified as it recedes from the equator ; 
but since &ixe and dii*tancp incrt'ase in tho same ratio, the angular 
distances or bearings of tbe several points (to seamen the most 
imjiortant consideration) remain ttnchanged. The law of increase 
of the deg^rees of ktitnde in the chart, namely, as the socant of 
latitude, rendprs it impossible to extend tho projection ia the 
pole, since the secant of D0° is infinite. Tlie meridians, being 
paralli'l^ can never meet at tho jioIr. Convenience usually 
limits Mercator's chart to 75" lat. north and soutb^ which is 
euongli for commerce and navigation. 

For tho student of physical geojjjraphy, Mercntor's projection 
has the advantagfi of exhibiting at once the whole earth with 
tho true bearings and directions of all parts perfectly presened. 
Thisj, in considering the course of winds and currents, is very 
important. But it is necessary to guard n^inst the error of 
measuring the provalenco of nutural jdienoniena (of the east or 
west wind for example) by the extent they seem to occupy on 
the map. Mercator'a diort, when confined within the limits of 
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75 lat., still doubles the earth's sorface, all being magnified in 
proportion to its distance from the equator. Let it be constantlj 
remembered that the middle zone of 60 degrees, from 30° north 
to 30° south of the equinoctial line, embraces one half of the 
surface of the globe, the remaining 120 degrees towards the 
poles forming the other half. The degree of longitude or dis- 
tance between any two meridians is in lat 60°, exactly half 
of that which separates them at the equator. As an extent of at 
least 30 degrees of latitude round the poles remains utterly un- 
known, and probably is but icy sea or desolate waste, it may 
be safely stated that the region between the tropics, 47 degrees 
in breadth, forms one half of the habitable globe. 

From the Table giving the lengths of degrees of longitude and 
latitude (see p. 44), it will be seen that the degree on the 
meridian (or of latitude) at the pole exceeds that at the equator 
by 3845 feet, and the degree of longitude on the equator by 
1304 feet. But the inequalify of degrees, of which these are 
extreme examples, is neyer attended to in maps. It ought, how- 
ever, to be always remembered that degrees and all the measures 
derived from them, including nautical and geographical miles, 
are strictly angular measures, tiie linear values of which are 
variable within narrow limits. 
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CHAPTER V. 

The Globe its CaiiBtituenfe — Salid, Fluid mid OaaeouiB, — Heat the Pnms 
Mover of Circulation. — Dilatation by Heat — SpeciSn WeJ^iit thus 
changed- — Dilatatign, a Mceaure of Heat. — The Tlieriaometer — Leslie's 
Differeutial,^ — ^Ttrnperature. — ^QuafltitjofHeat, — SpeciScireat. — Electa 
of Contraction. — GtinvGction of lleut. — Coaduction. — Reflection.' — Dia- 
thenniuicj. — RadiBtion between Bodies. 

Of the sixty-threo olemonts known to chemists, not abovo a (loze<n 
enter into tJjo composition of organized Loclies. Some of those 
ingredienU are accidental and non-essential, and all but four 
appear in very minute quantity. Tbese fonr, the npcesisary 

tmatfrials of all that lives, arc carbon, nitrogen, oxygen, and 
hj^drogen- The wondy fibre of plants is formed of c&rbon, all 
dmwn from the earth, wherein it exists in enormous quantity, or 
from the air. The tissno of animal bodies is formed of nitrogen, 
the preponderating ingredient of the atmosphere. No organized 
body generates any new substances ; it only imbides inorganic 
dements, decomposes and recombine^ them. \Vhen its period 
of life expires, those elements are set free ; the carbon fails to 
the ground ; the gases return to the atmosphere. TIjus a con- 
stant eirciilation exists between animate and inanimate nature. 
Vegetation takes its nutriment from unorganized matter, the 
minenils of the earth. Animals subsist entirely on orgaiiiaed 
matter, nltimately, it may be said, on vegetable food ; for her- 
bivorous animals fomi the support of all the rest. Without them 
there conld he no animal life. Water forma a very large part of 
nil organized structure. It carries to plants their aliment in a state 
of solution, and by means of capilJary attraction circulates 
throughout them. In the human body it exceeds in tie propor- 
tion of 4 to 3 the weight of all the solid parts. Thus it will Iw 
found that every thing necessary for organization and life exists 
in the greatest abundance on die surface of the earth and in the 
atmosphere. 

Otir globe consbts of landj sea, and surrounding air or atmo- 
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sphere, or, in other words, of solid ground, formed by the aggre- 
gation of various minerals ; of water, which, lying on the heavier 
mineral foundations, fills the hollows of the surface ; and of air, 
which, being lightest, floats uppermost and envelopes all the rest. 
The solid part of the earth, as far down as our acquaintance with 
it reaches, about 15 or 16 miles, appears to be for the most 
part an oxidized crust — that is to say, it consists of rocks formed 
by the union of oxygen with various earthy and metallic bases. 
Water, again, is the protoxide of hydrogen, or oxygen and hydro- 
gen chemically combined, while the atmosphere is a mixture of 
oxygen and nitrogen. Oxygen, the most active chemical agent, 
forms more than a third part, perhaps nearly half in weight of 
the superficial portion of the terraqueous globe, the atmosphere 
of which is diluted oxygen gas. Thus it appears that the con- 
stituent elements, solid, fluid and gaseous, of the earth, as far as 
it is known to us, arc not only akin, but complementary and 
necessary to each other, the fluid and gaseous portions requiring 
the support and concentrating power of the solid part, which 
would itself be wholly unproductive without the other two. Life 
in every form requires air. Without humidity the earth would 
be a barren waste ; while the gentle difi'usion of water over the 
land would be impossible, were not the atmosphere capable of 
being made the means of transporting it. 

The prime mover of that circulation which brings into active 
cooperation the solid, liquid, and aeriform constituents of the 
globe, is heat, the nature of which is still imperfectly understood ; 
but its great importance as a physical agent in conjonction with 
gravitation requires that its modes of manifestation should be 
carefully studied. It is believed that heat consists in a peculiar 
vibration directly affecting the atomic constitution of bodies ; 
but as it is difficult to find clear expression for obscure concej)- 
tions, we shall here prefer to adopt the language in common use, 
and speak of it as an imponderable something that enters into 
or quits bodies in greater or less quantity, or may abide in them 
as a constituent element. Tliis language is merely figurative, 
and does not assert the mate-riality of heat, but only tacitly 
assumes it. 

Under the influence of heat the atoms of a solid body lose 
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more or less of their coherence. At first the heated body ex- 
pands ; but if the heat be continued, the atoms of the body sepa^- 
rate and move independent of each other, so that the solid 
becomes a fluid. With still more heat the particles repel each 
other, and the fluid takes the gaseous form. In effecting these 
changes heat is expended, and is represented in hypothetical 
language as having become a latent constituent of the fluid or 
gas. In short the state of matter, as solid, fluid, or gaseous, 
often depends on the extent to which it has undergone the action 
of heat. 

The expansion or dilatation of bodies by heat is a very im- 
portant as well as interesting phenomenon. In the case of solids, 
the expansion, being relatively small, may be most conveniently 
observed in the increasing length of slender bars ; and experi- 
ment shows that by 180 degrees of heat (Fahrenheit's scale), 
from the freezing- to the boQing-point (32°-212° F ; 0-100° C.) 
bars of different materials are elongated as follows : — 

Zinc increases by one part in 323 

Lead 351 

Tin 516 

Silver 524 

Copper 581 

Gold 682 

Iron wire 812 

Platinum 1167 

Flint glass 1248 

Fir wood 2451 

Black marble 2833 

The insensibility of Lucullite or black marble to ordinary 
changes of temperature, a character which, to some extent, it 
bears in common with all earthy minerals, once recommended 
it to the Royal Society of Edinburgh as the best material for 
the pendulum of a clock. The increase in bulk, or all three 
dimensions caused by heat, may be assumed, when the dimen- 
sions are small, to be about three times that in length. Thus 
glass expands with the heat above specified, one part in 416. 
Of all solid bodies ice is the most expansible, a bar of it length- 
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ening with heat at a rate which, for 180 degrees, would add to 
it a 267th part. 

Liquids expand much more rapidly. Thus, with a rise of 
temperature from 32** to 212^ Fahr. (0-100° C),— 

Alcohol, or spirits of wine, increases in 

volume one part in 9 

Fixed oils 12 

Water 23 

Mercury 55^ 

All gases expand alike, so as with 180 degrees of heat (from 
the freezing- to the boiling-point) to increase in volume ^ or 
about ^(j for 1 "Fahr. Such, therefore, is the expansion of atmo- 
spheric air. But vapour, which is not a true gas, dilates to the 
extent of only ^ for 180°, or about j-ljj- for 1° Fahr., and con- 
tinually less with increasing temperature. All bodies tliat 
expand with heat, return on cooling to their original dimensions. 
Dilatation by heat, therefore, implies contraction by cold. 

The dilatation or contraction in question, however, is not per- 
fectly uniform at all temperatures. Water, instead of contracting, 
dilates as it cools down from 30°-34 to 32°, and within these 
limits contracts with increase of temperature. The indicated 
temperature, therefore, 39°*34, is that of the greatest density of 
water. Some metallic alloys also when melted dilate in cooling, 
and thus form exceptions to the general law. But these excep- 
tions are all connected with, and are preliminarj- to, or follow 
upon, change of state (from solid to fluid, from fluid to gaseous, 
andrtc«rwj»«) ; and accordingly the law of dilatation holds good in 
strictness only with respect to temperatures remote from such 
change. The effects of heat on the more susceptible kinds of 
matter may be thus briefly exhibited : — 

By the addition of 180° F. (from 32° to 212°) or 100 C, 
10(W parts of iron Ix'come 1004 jarts. 
1000 „ water „ 1044 „ 
1000 „ vapour „ 1342 „ 
1000 „ air ,, 13(i(> „ 

It is obvious that as bodies dilate they become superficially 
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lighter. Their volume increases while their weight remains 
unchanged ; and consequently with the same volimie they have 
less weight. In liquids and gases, therefore, every partial change 
of temperature, as it causes also a partial change of weight, 
gives rise to an internal circulation or a new adjnstment of the 
variously affected parts. Water, when cooled at the surface, 
where it is most exposed to change of temperature, contracts, 
becomes heavier, and sinks till it arrives at a level of like tem- 
perature and density. If it be heated below, it dilates, rises, and 
spreads over the surface. This mode of distributing heat by 
internal movement is called convection. Air, in like manner, 
when heated from the ground, goes off in an ascending current ; 
and being extremely mobile as well as dilatable, the slightest 
change of temperature sets it in motion. Consequently, since 
heat is unequally distributed over the globe, varying from place 
to place and from hour to hour, it keeps the atmosphere in per- 
petual motion, the circulation caused by it being briskest near 
the ground. 

The dilatation caused by heat, being within certain limits 
uniform, may also serve for its measure, on the presumption 
that so much dilatation indicates so much heat. Suppose, there- 
fore, a glass tube (fig. 41), open at one end. A, and j-j™ ^j 
with a bulb, B, at the other, to be nearly filled with 
mercury, and then set over a lamp till the mercury 
boils, so that the air may be expelled. The tube 
being now quickly and perfectly closed and removed 
from the lamp, the mercurial column will contract as 
it cools, and therefore sink, leaving a vacuum above 
it ; and as it sinks its upper surface will successively 
indicate every gradation of temperature, from that of 
boiling mercury to that of the surrounding air, which 
may be cooled down to or below the freezing-point. 
The instrument thus made is the ordinary mercurial 
thermometer. It is obvious that, since mercury dilates 
about ^^(,- part for every degree Fahr. of addedheat,care 
must be taken to adapt the capacity of the tube to the quantity of 
the mercury, and to the extent of the scale or the temperatures to 
be measured. In order that the degrees, themselves equal, may 
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mark equal dilatations, tlie tabe onght to be of perfectly uniforin 
capacity ; or if unequal, then the marked degrees ought to vary 
in length inversely as the capacity of the tube. To complete the 
instmment, it only remains to affix to it a convenient scale, 
limited by temperatures perfectly ascertained and constant in 
nature, so that different thermometers may, as it were, speak 
the same language and admit of being compared. 

For the range of temperature to which meteorological obser- 
vations are usually confined, the thermometer just described is 
entitled to preference, since mercury, becoming fluid at —40" 
(72° below the freezing-point of water) and boiling at 662° F. 
(350° C), dilates with regularity throughout this wide range, 
except only near its extremes. In no part of the earth does 
temperature approach the latter limit. Within the polar circle, 
and at some points without it in Eastern Asia, the cold of wiq^r 
falls for a month or more below that of frozen mercury. In 
such a case recourse must be had to the spirit-thermometer, filled 
with alcohol or spirits of wine, which it has been hitherto fdH^r 
impossible to congeal, the greatest artificial cold only making 
it thick like oil. In the polar regions, therefore, the spirit- 
thermometer is indispensable ; but its indications cease to be 
trustworthy at moderately high temperatures, and at 172° Fahr. 
the spirit boils. 

The thermometers first made, and which, under the name of 
Florentine tubes, remained in use till the end of the 17th century, 
were all spirit-thermometers. Some of them had a scale of 100 
parts, 2(f corresponding to the temperature of ice, and 100° to 
the greatest summer heat. More frequently the scale was 
divided in\^ 50 parts, 13° and 40° being respectively adjusted to 
the temperatures just mentioned. These old thermometers ap- 
pear to have ranged from 3° to 131° of Fahrenheit's scale. 
Reaumur found that strong spirits, which, when cooled by ice, 
formed 1000 parts, dilated to 1080 parts at the temperature of 
boiling water. He therefore adopted the scale which now l>ear8 
his name, and dinded the range from the freezing- to the boiling- 
point into 80 degrees. De I'lsle was the first who made the 
temperature of boiling water a fixed point in the themometric 
scale, his olher fixed point being the temperature known to 
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he coDstant in the cellars of tho Observatory in Paris (55* F.). 
Tlio iidoption of tht; tompcnituro of melting icQ as a standard 
point., a most important improvement, wfvs dan to Sir Is.'wc 
Newton. This is oonunonly but erroneously called the froezing- 
poiDt. Congelation ordinarily tukoa place a littlo bolow that 
pointj and may bo much roturded. But tbe temperature of 
melting ice or of ieo and water mixed is pcrfoctly constant. 
FidurnJieit took for the zero of hia scale the artificial cold of ice 
melted by common salt (32^ below the freflzin^-point), which 
bo bolieved to be the lowest observable temperature. This arbi- 
trary zero now disfignres bis ecalo. Without it the division of 
the thermnl interval betweun the temperatures of the congelation 
and tbe ebullition of wat4.T into 18U'^ would be most convementj 
and easily comptirable with the BCidea of Rdaumur and Celsius. 
Tlio^ist^named philosopher divided the interval in qnostioa into 
ir>0 piirts ; but bo reckoned downwards, taking the Itoilinji^-poinfc 
ti^Ki^T for zero. In the modem Centigrade tbermonietor hia 
scaS^ a<^lopted, but with inverted numeration^ the zero being at 
the freezing-point. 

In comparing, therefore, the three thormoraetric scales now 
remaining in use, viz. those of H^aumur, CeMns (the Centignade), 
and Fahrenheit (fig. 42), it must be borne 
in mind that the mterval between the fixed 
points was divided by the first into 80, by 
the second into HKl, and into 180 by the 
last, who also added 32° below the freez- 
ing-point. In reducing, therefore, the 
Fahrenheit sciile to that of l?L'aumur or 
Celsius, care mnst be taken to begin by 
deducting those 32". If the reduction bo 
from Reanmur or Celsius to Fahrenheit, 
they mnst be finally added. The mutual 
ratios of the degrees of thoao scales are 
as follows : — 



Fig. 42. 



Reaumur. 


Celaiufi. 


Fftkfenheit 


1 


* 


4 


f 


1 


i 


1 


f 


1 
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Besides these well-known instruments for measnring tempera- 
tore, there are two of mnch greater delicacy to which it may 
hereafter be necessarj- to refer. Leslie's differential air-thermo- 
meter is formed by joining two eqnal 
tnbes, C A, D B (fig. 43), terminating c Fig. 43. 

above in bulbs, at right angles to another 
tube, A B, placed horizontally, and con- 
taining a small quantity of coloured 
liquid. So long as the air has the 
same temperature in both the vertical 

tubes, the liquid in the horizontal tube will remain un- 
moved. But if by holding the hand near one of the bulbs the 
air in it be warmed and thereby caused to dilate, the liquid will 
be pressed to the other side. A scale may be affixed to the 
horizontal tube, or to one of its upright branches, to measnre the 
motion of the liquid or of the globule of air at its surface. The 
thermo-electric multiplier of Meiloni is a more complex and still 
more delicate instrument. It is founded on the principle that 
when two different metals are in contact, a difference of tempe- 
rature between them, or, which comes to the same thing, a com- 
municatiou of heat from one to the other, gives rise to an electric 
current, which, if the metals be connected by wires with a galva- 
nometer, manifests itself by the deflection of a magnetic needle. 
The metals that form the most energetic thermo-electric couple are 
bismuth and antimony ; and thirtj' of these couples clasped toge- 
ther form Melloni^s thermometric apparatus, the sensitiveness of 
which detects differences of temperature otherwise imperceptible. 

The thermometer enables us to ascertain the temperature of 
bodies, or the heat which they are free to communicate, and 
which flows off and on between them to preser\e the general 
equilibrinm of heat. But it is impossible to measnre by mere 
contact the quantity' of heat which underlies in any body its 
manifestations of temperature. Heat presents itself to our notice 
under different aspects. Bodies of different kinds differ in sus- 
ceptibility of heat, and require to be acted on by it in different 
degrees before they acknowledge its inflnence. Some bodies, 
when exposed to heat, show its effects at once by rise of tempera- 
ture ; others subjected to the same trial change but Uttle and 
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veiy slowly. The latter, naturallj compared to vessels which 
do not quickly show at the surface the liquid poured into them, 
are said to lijive a great capacity for heat. Receiving much and 
shomng little they seem to contain heat. The reliitivo amount 
of this retentiveness in a body is called it,-? specific heat, in rei?p6ct 
of which bodies differ widely. A striking example of thia is to 
bo found in hoiling water and the steam that issues from it. 
Tbi-y have the »ame temperature, yet the steam contains heat 
enou/^h to raise five times the same quantity of water from tho 
freezing- to the boiling-point. Again, ice and tho water it floats 
in have the same temperature ; yet ice^ in order to become fluid, 
must nbsorh 142° of hoat>— that 13 to say, as much heat as would 
raiao 142 times the same weight of water i'^. 

Tho difference between equal teraporaturcsand equal quantities 
of heat may he rendered evident by very simple experiments. 
If water at 212°, or boiling beat, be mixed with an equal quan- 
tity at G8**, the mlsture will liavo a temperature of 140°, or the 
aritluneticjil mean of the two, the whole heat beinj; divided 
equally lietween them. Equal quantities of water, therefore, 
evideutly take equal quantities of heat. But with bodi^^a of 
difJrrcnt kindf the rt^sulta of such mixture will be different. If a 
pint of mercury at 10U° bo mixed with a pmt of water at iQP, tho 
temperature of tbe mixture will be, not 70", the arithmeticjd mean, 
but 60^, the 40^ of beat lost by the mercury adding but 2C to the 
temperature of the water. It" the ex]ieriments be mndo with equal' 
weights, it will he seen that the same quantity of heat which would 
rat!^ tho tx.'-mperaturD of water 5°, wonid raise that of mercnry 1 15% 
and therf^fore water requires, for any given rise of teniperaturo, 
23 times as niurh beat as raercui"y. The great difference c>dsting 
betTveen bodies of different kinds but equal weight, in relative 
amount of specific heat, will l>e seen in the following Table : — 



Water lOtW 

Aqueous vapour 847 

Ice 513 

Gj-paum 272 

Chalk 25G 

Wood charcoal 24 1 
Air 237 



Lime 204 

Alumina 200 

Glass 198 

Felspar ... 192 

Silica 179 

Diamond 147 

Iron !13 



Zinc 

Copper .. 

Tin 

Antimony 
MiTCUry .. 

Gold 

Lead 



96 
95 

50 
4.^-5 
32 
31 
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As the specific heat of a body is the relative quantity of heat 
required by it for a certain rise of temperature, so its latent heat 
is that which has been expended on it, not to raise its tempera- 
tnre, but to effect in it a certain change of state, and mnst be 
considered not as a constituent element of the body, bnt as an 
indispensable expenditure, preliminary to its existence in that 
state. Thus the specific heat of water (1000) expresses no abso- 
lute quantity, bnt is only a term of comparison which enables us 
to state in what proportion the heat-absorbing power of water 
exceeds that of ice (513), or of antimony (50). But the 
latent heat of water (142°) means the quantity of heat which 
most have at some time acted on it, in order to bring about ii& 
fluidity, and which mnst be absorbed or consumed by ice in 
melting. The water thus produced has the temperature of ice ; 
so that the beat expended in the melting has totally disappeared 
and is said to be latent, thoagh sofHcient to raise the temperature 
of 142 times as much water one degree. In like manner, water 
at the boiling-point goes off in steam. It rises slowly to that 
point, and then ceases to increase in temperature though the 
heat be continued. Ice-cold water may be raised to the boiling 
point in an hour, bnt it will take five hours to evaporate it or 
convert it into steam, whidi yet has only the U'mperatare of 
boiling water. What, then, becomes of the heat expended during 
those five hours ? It is said to be latent in the steam ; but in 
truth it has been expended in reducing the water to the gaseous 
state or changing it into steam. Ice becomes changed into water 
by the apparent absorption of 142° of heat ; and, again, water is 
converted into steam by the further absorption of 964°. The 
absorption of heat by the melting ice in the one case, and by the 
steam in the other, may be regarded as a cooling process, since 
were the heat not thus consumed, it would have caused incn^ase 
of temperature in its vicinity. On the other hand, the formation 
of ice and the condensation of steam or vapour both contribute to 
warmth ; for in these cases latent heat is liberated and helps to 
moderate the low temperature producing the change. 

Most, if not all, solid Ixxlies may Ix* forced by heat into the 
fluid or gaseous state. Some, as the diamond, pass off at once 
into gas without ever becoming floid. Several gases, on the 
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otier band, have been found to be reducible by cold and pressure 

to the fluid or solid state. Others prove TBfractorj, and detj all 
attempts to alter their condition. Tet it is thought that they 
rnnain exempt from change only because the means of reducing 
them have not yet been discoverod* 

Increased temperature causes, aa we ha,TO seen, the expansion 
of bodies^ diminiahed temperature their conti-action. But if 
dilatation be saddenly produced in a body by mechanical or 
chemical means, the heat retjuired for the change 13 drawn from 
tlio sensible heat, and cold m produced. Thus ice may be made 
under ih*: receiver of an air-pump by rapid evaparation and the 
dilatation of vapour. Liquefaction without heat by chemical 
mtans alone, ia followed^ when the process is rapid, by intense eold. 
Ice or snow melted by salt yields water of very low temperature. 
The like materials, cooled in that water and again mixed, melt at 
ft sHH lower tempcratm'C, and so, by continuing the process, 
intense cold may be reached. Sulphuric and some other acids dis- 
solve ict* more rapidly than common salt. Faraday, employing 
etlier and solid carbonic acid in x^a^uo, arrived at the low tempe- 
rature of — IGG'^'or inn*^ below the freezing-point. Natterer, sulf- 
stiluting for those materiala liquid uitrous oxide and biaulpliide 
of carbon, has since reacbcd -220°Ftihr, 

ComprcssioDj on the other hand, generates heat and raises the 
t^emperature of the compressed body. Tinder may be lighted by 
coniproastn^ air quickly in a tube to one fifth of its volume. The 
heat of guns when firtHl arisca chiefly from the percussion ; for 
the combustion of gunpowder, felt but for an instant, can exer- 
cise but little he-ating-power. Iron may be made red-hot by a 
blow from a hea-vy hammer. The beat of slaked quicklime is 
due to the solidification of the water thrown upon it, that of 
water mixed with sulphuric acid to the contraction of the mix- 
ture ; for if a glass be filled to the brim with water and sulphuric 
acid be gently added to it drop by drop, the mixture will not 
overflow, but will be seen to retire within the glass. Friction, 
the bc4it of which is ^o frequently obsenable, and bo often re- 
sorted to for procuring heat and flamCj is but a case of compres- 
sion. Water may be heated by continued and viftl<*nt disturli- 
ance. It is well known to s^iimcn that the t i" 
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tempestnons than in calm weather. Mr. Hennie succeeded in 
boiling an egg in water heated by cbnming. 

The temperatnre of a body is the degree of heat wliich it is at 
any time ready to communicate. The diHusion and equalization 
of temperature among bodies is continually going on, for equality 
of temperature is enjoined by nature as strictly as the level of 
water. A body warmer than those about it loses heat, or if 
colder acquires it, this flux and reflux continuing as long as in- 
equality of temperature exists, and with an energy proportional 
to the inequality. 

The communication of heat between solid bodies is effected. 
according to circumstances, either by conduction, if they be in 
contact, or if they be at some distance asunder, by reflection or 
radiation. Conduction is the transmission of heat from partick 
to particle, and varies much in different bodies. Dense, compact 
l)odies, and metals in particular, are the best conductors. Water 
and air are among the worst ; and substances of a fibrous or fila- 
mentous nature also, such as wool, down, cotton, fur, &c., which 
hold much air involved in them, refuse to conduct heat. How 
widely substances may differ in relative conducting-power will 
be evident from the figures of the following Table, derived from 
the experiments of MM. AViedemann and Franz : — 



Silver 136 


Zinc ... 


... 25-8 


Lead ... 11-5 


Copper 100 


Tin ... 


.. 19-7 


Platinum 11*4 


Gold ... 72-5 


Iron ... 


.., lfi-2 


Palladium 8(5 


Brass... 32*1 


Steel,.. 


... 15-8 


Bismuth 2-4 



In fluids heat is ordinarily distributed by convection or internal 
circulation, the warm fluid rising and giving way to a descending 
cool current, which again rises in its turn. But mercury- has 
some conducting-power, which would be 4*7 in the prectKling 
Table. Fluids niay, to a vert' small extent, be heated from aljove. 
Water treated in this way is found to have about a Oi>tli of the 
conductiveness of copper. Tliat heat is diffused through water 
almost entirely by convection is easily proved. If two glasses of 
equal size and similar shape be nearly filled with water and 
frozen, and then Iw completely filled up, the one with cold the 
other with boiling water, it will be seen that the lowest stratum 
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of the hot water is very aoon cooledj and effectually cuts off all 
comimintcation bptwecn the warm tiuid almve imd the ice below, 
eo tliatj at thtj end of hidf fin hour, the quantity of ice meltod is 
no.irly tlit' siime in both glasses. In this case, thi'refore, thera 
hufi been no appreciable conduction of hcttt dowuwards. If in 
one of the glasBt'd ho plac*?d a small ro]] of cotton-wool, and both 
ho then tilled witb warm water, that with the wool will cool 
much more slowly than the other ; and if they bofiUed with cold 
water, find then he partially inmiersed in hot wfitoFj the ^lass 
with the wool will lag bubind in change of temperature. In these 
<stse3 the wool prevents chan^jie of temperature, because by 
chpckini; circ^ulation it hinders the convection of heat. 

n^e bodies that best conduct heat are those in which extreme 
temperatures are generally observed. Thus metals are oold to the 
tOneb, because they rapidly extract heat from the himd ; but, 
flfTjiin, they easily become insupportably hot, communicating heat 
with unpleasant facility. Wool or cotton^ on the other band, 
hardly ever manifest, a change of temperature. Anionp; tbo 
worst conductors are air, wiiter, and the earthy minerals com- 
posing the great mass of the globe. 

The reflection of heat 13 governed by the same laws as that of 
light. TVIien light falls on a smooth or polished snrfacCj capable 
of reflecting it, a portion of it is equally diffused in .all dirpctionsj 
rendering vis;ililo the illuminated surface ; whilo another portion 
goes off in a direction depending on the relative positions of the 
light and the surface that receives 
it. If A B (fig. 44) represents that 
surface, the incident ray of light, 
L P) will be reflected in the i?ome 
plane, so that the angle of reflection, 
R P B, shall be equal to the angle of 
incidf'nee, LPA. In like manner 
M P vnn be reflected to N, P to Q. 
(fig. 45) the reflected light will be 
seen at P ; but if tbe eye be re- 
moved to N' or N" the image will 
move to P' or P", the angles of in- 
cidence and rcflectiua being always p-p' p 



ng-. 44. 
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To the eye on tho lino N P 
Fiff. 45. 
X N-N* „ 
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equal. Thus the light, though from any one position seen at 
a single point, is in truth reflected from every part of the surface, 
as the observer may easily prove by change of place. The pro- 
portion of the reflected to the radiated or diffused light, and the 
contrast between them in respect of luminosity, depends alto- 
gether on the angle of incidence and the natare of the surface on 
which the Ught falls. 

In like manner and in similar conditions heat also is partly 
reflected, partly radiated. Hence 
the rays of heat from a sun- ^ '^- **" 

beam, for example, may be col- 
lected in a focus of a concave 
mirror (fig. 46) ; and if a hot 
body (H, fig. 47) be placed in the 
principal focus of such a mirror, its heat thence reflected to the 
surface of another concave mir- 
ror placed opposite to the first, Fig. 47. 

will be collected in its focus (F), so Xr ^ 

as to ignite gunpowder or to exhibit 
any other effect of heat at a con- 
siderable distance from its source 
by means of reflection. 

Intense heat has-been obtained by a combination of many eon- 
cave mirrors, all reflecting the sun's rays into a common focus. 
If, instead of using a lamp, a ball of red-hot iron or a vessel 
filled with hot water, we make the experiment with a piece 
of ice, the communication of temperature will be similar to 
that doscril)ed, and the coldness of ice will be felt in the 
focus of the second mirror. And here it is as well to ob- 
serve, that cold means only a low degree of heat. In ordinarv- 
language we call that hot which, exceeding the temperature of 
the hand, communicates heat to it ; and that we call cold which 
abstracts heat from the hand that touches it. But heat and cold 
are only the opposite extremes of one thing, differing merely in 
degree and in the sensations produced by them. Since heat is 
best reflected by polished surfaces, and the more of it reflected 
the less radiated or absorlied, smooth or polished surfaces conduce 
to internal coolness. Of the difference between bodies in 
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Heat may also by refracted or bsnt from its course in the sanip 
manner as light. Captain Scorcsby, the cx^lebrated Arctic 
voyager, sn^ri^ed and delighted his seamen by showing them 
how to light their pipes from the son's ruys by moans of a lens 
of ice. It Mas distovorud by Sir William Horschel that in tlie 
solar Hpectmm formed by a glasn prism 
(%. 4i<-), there is littlo heat at the vio- 
let or moat refracbod end (V), but that 
it increases towards tho rod or least re- 
fracted, part (R), and continues, still 
increasing, beyond thie luminous spec- 
trum. Henco it is evident that rays ol' ^^r 

light and beat, thongh mixed together 

in the sunbeams, are not iilentie^I. HerscheFfl exT^erimt^ntflwere 
made with a pria^m of glasa^ which absorbii or intert!e]>t3 dark 
heat and thereforo led only to incomplete results. Hcai^ like 
light, is transmitted through bodies more or less transparent ; 
but it is not all equally transmissible. In general tho power of 
heat to penetrate different subBtances increafjes with the intensity 
of its source. Dark or non-luminous heat^ as that from a veasel 
of boiling water, has little or no ]>enL'trating power, llays of 
heat from a lamp, though not wholly without that power, will be 
complet^ely stopped by tho transparent screen which gives pas- 
sage to rays of tho same temperature from a distant furnace. The 
heat of the sun passes with littlo lose through a glass screen 
which totiUly intercepts the heat of a brisk fire at a little distance. 
Bodies also differ widely in diatheraianoy, or the power of trans- 
mitting heat. A few imperfectly transp-arent bodies, as opal, 
transmit heat in larger proportion than others which are perfectly 
transparent. Smoky topax gives passage to five times as munb 
heat ttB water. Tho moat perfectly diathenuanouj* substance 
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known is rock-salt, which allow passage to more than 92 per cent, 
of solar heat. 

^Tien the solar spectrum formed by a prism of rock-salt is 
closely examined, it is fonnd that the dark heat refracted much 
exceeds the Inminons heat in extent, and still more in intensity. 
In fig. 49 E V represents 
the ImninoQs spectrum, R D 
the non-luminous refracted 
heat ; the line V E F D 
shows the intensity of the 
heat, increasing from V 
(violet) to R (red), and at- 
taining its maximum at H. 
Light and heat, allied by 
nature, come to us blended together in the sunbeams, but in very 
unequal quantities, the dark or invisible heat being not less 
than ~ of the whole. This is quickly seized on by the vapour in 
the atmosphere, which detains all but the penetrating luminous 
rays. Snow and ice are di athermanous to luminous heat ; and 
therefore bright sunshine has less ett'ect in melting snow than 
dark heat. If a piece of ioe be exposed at once to the rays of 
an Argand lamp and to the radiation of heated copper, both being 
so placed as to exert like power on the position of the ice, it will 
be seen that the copper melts it much more rapidly than the 
lamp. The effect of radiated heat on snow is easily observed. 
The snow melts most quickly about stones, or sticks or fallen 
leaves. This is most strikingly exhibited at great elevations, 
where the air, clear and dr\-, having itself little heat, lends no 
aid to the sun's rays. On the snows of the Alps the superior 
melting power of radiating or dark heat is conspicuous. The 
snow melts rapidly about every stone or withered leaf, while the 
san*s direct rays seem to produce on it no effect. 

If two bodies at unequal temperatures be placed at some dis- 
tance apart, the warmer of the two vn\\ gradually cool, while the 
colder will grow warm, the heat continuing to flow from the 
former to the latter till their temperatures become equal. In 
this case the heat darted through space in straight lines and in 
all directions, in the same manner as ligbt, and, unaffected by the 



RADIATION OF HEAT. 77 

interposed mediam, is said to be radiated. The activity of radia- 
tion is in general proportional to the difference of temperature 
between the radiating body and the surrounding medium. It is 
favoured also by the ampleness and roughness of the radiating 
surface, and by circumstances of superficial texture, often but not 
regularly connected with darkness of colour. Since radiation 
takes place only from surface, the more ample the surface the 
greater the facility of radiation. Rough surfaces radiate more 
freely than polished, because roughness consists in minute irre- 
gularities that mxdtiply surface. But independently of their 
visible, superficial characters, bodies differ much in the power of 
radiating heat, as will appear from the following examples : — • 

Relative Power of Radiation. 

Water 100 Indian ink 80 

Lampblack 100 Mercury 20 

Crownglass 90 Bright iron 15 

The importance of the fact that luminous heat from an intense 
source has the power of piercing through space unabsorbed and 
undiminished, but loses that power on becoming radiated and 
obscure heat, will be manifest further on, when we come to con- 
sider the action of the solar rays shooting through the atmo- 
sphere from above and heating it from below. 
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CHAPTER VI. 

Sources of Ilest — internal — proved in Wells — Mines. — Shergin's Well. — Heat 
of Earth now constant — Star Heat — ^The Sun, the chief BOUKe. — Effect 
of Solar Spots. — Conditions of Insolation. — Anglo of Incidence. — Loesb^ 
Obliquity. — Effect of Sun's Declination. — Distribution of Solar Heat — 
Length of the Day. — Penetration of Heat into the Ground. — Line of 
Constant Temperature. — Effects of Sea and Land. — Ptolemy's Climates. 
— Heating Power of the Sun. 

PThk heat of a.0 earth's sorface may be considered as derived 
I from throo sources, viz. : — 1, the interior of the globe ; 2, the 
L st arry heavens or general space ; and 3, from the sun. It is 
well ascertained that the sun's rays penetrate but a little way into 
the ground, not more in middle latitudes than 80 or 90 feet. 
Tlie heat found lower down, therefore, must come from some 
other source ; and since this heat increases the deeper we go, we 
cannot avoid inferring the existence of an internal source of 
heat. It is true that grottoes and what are called ice-cellars 
seem to be proofs of subterranean coolness. But these are in 
fact only pits of no great depth, which, admitting the air 
with its temi>eratnre and being never reached by the sun's rays, 
while cold air sinks into thom, treasure up the winter's cold. 
Tlioy are so circumstanced as to receive little heat either from 
within or without. 

But the numerous warm springs issuing from the ground in 
nil parts of the earth, plainly indicate some internal source of 
heat. Artesian wells in particular prove the relation existing 
betwwn temperature and depth. Sunk in different conntries 
ami climates, and all agreeing in general results, they cannot be 
suppatcd to owe their elevated temperature to merely local and 
exceptional causes. The water issuing from them may be pre- 
sumed to have tlie temjwrature of the depth at which it is 
ColIectiHi ; and as it rises rapidly through narrow openings, it can 
be but little affected by the external air. In boring the Artesian 
well of Grenelle in the suburbs of Paris, it was found that, the 
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temppraJure of the air boing 51'''34 Fahr., that of the water 
:it a depth of 04 feet was Sa^-fi Fahr. 

1309 „ 7G°3 

1657 „ V9°-51 

1802 „ 82°-4 
The weight due to this kind of evidence may be better esti- 
mated from the following Table, which shows, with the depth of 
the well, the .iverago Iftn^h of descent eftecting in each case a 
rise of teinporature of l" B^ahr. 

Wf*ll at Pregny, near Geneva ... 
Schweitaer Zell, Basic ... 

Pit^huhl, Biii-jf 

Kentish Town, London ... 

GrencUe, Paris 

Monttorf, LiLxombiirg 
Rudw-sdofl', iiciLT Bfrlin ... 
Monbe Massi, MarL-mma, Tuscany 
St. Louis, Missouri 

Tlse wpII at St. Louia, ptill incomplete, is the deepest yet sunk ; 
but the observationa made of its temperature are of doubtfid 
accuracy. At Monte Masgi the well descends 980 feet below 
the level of the sea, and has at Ite bottom a temperature of 
l((7°'f> Fahr,, the highest, we believe, yet reached underground ; 
but being situate within or close to a volcanic region, it may 
be reasonably deemed esceptionid. The unaccountable singularity 
of RuderrKiorf ako mokes it liable to objection* Ouiittiug, 
therefore, the last three uamos, we may conclude from the pre- 
ceding list, that the mean descent below the surface of the 
ground reqiured to raise the temperature 1" Fahrenheit is, within 
the short distance tfl which cxpt'riencfi reaches, about 54 feet. 

In mines it is diiScult to arrivo at accurate conclusions with 
respect to the tcmpemture of the ground, the numerous lights 
burning, and workmen respiring in them, and the constant 
a<lmi.«ision of air from above, being so many causes of disturbance 
that cannot be set aside. Satisfactory results can be obtained 
only by sinking the thermometer in the rock. Tiie results 



Deptli in 


Average doae^Dt 


feet. 


for r Fahr. 


724 


... 59-3 feet. 


40(j 


,.. 52-6 


485 


... 4K-2 


lllH) 


... 529 


ISOO 


... 5&-fi 


2388 


... 57-5 


935 


.„ 2t)'7 


1139 


... 27 


3387 


... 65 






Depth. 


for 1' Fahr. 


U6 feet 


19-8 feet 


81 


3(i 


82 


36-4 


132 


58-7 


2445 


54-3 


2055 


76-8 


167 


74-2 


170 


75-5 


175 


77.5 


209 


97 


232 


103 


493 


219 
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of the most carcfal experiments of this kind are here exhi- 
bited :— 

Increase of depth 

Monte Massi, Coal-mine, Tuscany 44*6 feet 

Uralian Mines 

Coal-mine, Buda, Silesia... 
Monkwearraouth, Newcastle 
Rosebridge Colliery, Wigan 
Astley Pit, Cheshire 
Salt-mine, Bex ... 
Erzgebirge 
Carmeanx Coal-mine 
Wieliczka, Hungan' 
Mean of Pmssian Mines... 
Copper-mines, Mannsfeld 

In the calculations from which the figures of the second 
column of the preceding Table are derived, it was probably 
assumed that the increase of temperature downward is uniform. 
But careful experiments show that in the cooling of spherical 
masses, the decrease of heat from the centre to the surface 
becomes much more rapid towards the latter — a conclusion 
manifestly borne out by the preceding Table, and in perfect 
accordance with the following results of obsenations made in 
the mines of Cornwall and Devonshire : — 

Depth. Mean Temperature. Rate of lacreaae of Temp. 

50 feet 60-72 1' for 46*64 feet 

130 70-54 „ 70-9 

185 74-72 „ 125-57 

In these mines the mean temperature at the depth of 100 
fathoms, that of the external air being 50**, is 66^-43, at 200 
fathoms 77'''03, showing an increase of 1° Fahr. for every 36 and 
44*4 feet resi>ective!y. Besides the palpable causes of disturlRMJ 
temperature above enumerated, there are in some mines chemical 
processes productive of heat continually going on in the minerals 
and manifested in local irregularity. This is particularly ob- 
servable in coal-mines. In the mines at Monte Mass!, in Tuscany, 
the increase of temperature downwards appears to be for some 
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distance from tlie siirFace nearly 1" Fahr. in li) feet j while at 
Carmenux (Tarn, Franei'), in two galleries littTo more than a 
mile ELsunder, the res|iective rates of increased temperature aro 
P for 52 and 76 feet. In the Cornish mines the heat is in- 
variably ;i;Teater in the metallic veins than in the giirrounding 
rock, and in the veins af copper than in those of tin ; that is to 
say, it is greater in the better conductor ; whence it is manifest 
that the beat comes from within and not from tbo air or the 
Hurface of the groimd. The temperature of deep mines depends 
not a little on the character and inchnation of the overlying 
strata. Heat passes oft' more readily in the lino of stratification ; 
and consequently the ground cools more rapidly Ijeneath highly 
inclined strata, and is more affected by the passage of water from 
ttbove. Hence, in the Astley Pit (ChesLirc '^ the increase of heat 
downwards ia irregular and comparatively slow, while in the 
Itoscbridgo Colhcry (near Wigau), btmeath perfectly horizontal 
strata, temperature rises for the first 600 feet at an average rate 
of 1"" for 3b feet, and continues to eho steadily, though at a 
regularly decreasing ratx>, to the extreme dupth reached. 

A Guriotis proof of the increase of boat downwards is to be 
found in the history of an attempt made to dig a well in the 
frozen soil of eastern Siberia. The Hver Lena, near Yakutsk, 
lat. 6:2° 2' N., frozen during eight months of tbe year, overflowa 
its bimka soon after tho breaking up of the ice, and rushes down 
in un immense flood excessively turbid and impure. It was in 
tho hope, therefore, of finding pore water at the depth of five 
futhomsj, Or the lowest level of tbo river, about a mile distant, 
tliat the Russian merchant, Fedor Sbergin, residing in Yakutsk, 
commenced in 1828 to sink a weD. The progress of the work 
was uncxpoctBdly slow. The workman thought that he had struck 
upon rock ; and somo time elapsed before it wa? clearly under- 
stood that the obstacle encountered was the frozen soil. In 1831 
tho depth of 105 feet had been reached without penetrating 
through the frozen ground ; and the undertaking would have 
bcpu abandoned had not Admiral von Wrangell, passing through 
Yakutsk on his way to America, perceived the interest attaching 
to it, and urged on the Imperial Academy of Sciences at St. 
Petersburg itd further prosecution for the benefit of science, lu 
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1837, when the depth of 382 feet had been reached, still in 
frozen ground, the well was carefully covered over to exclude 
the external air, and in 1844 ite temperature throughout was 
examined by Middendorf for the Academy of Sciences. Ther- 
mometers inserted in holes bored for them in the sides of the 
well, gave the temperatures at the depths of 7, 15, 20, 50, and 
thence at intervals of 50 to 350, and at 380 feet At 7 feet the 
temperature was 12° Sf Fahr., at 380 feet 26*^ 6'. The general 
conclusions derived from these observations were, that the ground 
is perpetually frozen to a depth of about 612 feet, and that the 
distance which in descending is attended with an increase of 

temperature of 1° Fahr. is, near the surface 4 feet. 

at the depth of 100 feet ... 20i „ 
200 „ ... 40 „ 
300 „ ... 60 „ 
400 „ ... 78 „ 
It must not be supposed that the cold of the Siberian winter 
at the present day, though extremely intense, can freeze the 
ground to a depth of 600 feet The frozen soil in the valley of 
the Lena is a formation of what geologists call the Glacial period, 
and may be regarded as an aqueous rock protected from change 
beyond the depth of a few feet by the shortness of the summer 
and the general rigor of the climate. 

If 54 feet be assumed to be the mean distance downwards, 
corresponding to one degree of increased temperature (and such 
is the estimate warranted by obser\ations made near the earth's 
snrface), then, supposing the temperature of the surface to be 50", 
the heat of boiling water (212° Fahr.) will be found at the depth 
of 8748 feet, or about a mile and two thirds. But if, instead of 
54, we take 100 feet as the average distance downwards required 
for a rise of temperattire of V Fahr. (and even this i:* probably 
true only for a comparatively moderate distance towards the 
earth^s centre), the temperature in question will be first fonnd at 
a depth exceeding three miles. But under the increased pressure 
of three miles at the base of the atmosphere water would cer- 
tainly not boil at a less temperature than 240° Fahr. We must 
therefore descend still lower to find boiling water ; and if we 
soppoae the ebullition to take place at the base and under the 
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stIU greater pressure of a column of water rejichmg the surface 
of the earth, we must seek it at a depth escmediug seven miles, 
whtpre it has a tempera-tiiro of at IffLst 745"^ Fahr. The tempe- 
nitury of 2800^ F., sufficient on the earth '^s surface to reduce all 
metals and rocks to the fluid state, would, tinder the same cob- 
ditions, he first met with at tlie dnjith of 53 miloa. But theao 
calculations need not he iinplicilly accepted ; the luereasa of 
temperature at ^reat depths probahly proceeds much more slowly 
than h eomifjotily supposed. Though the existence of some 
internal source of heat can no lt>nn;er he denied, douhts may he 
reasonably entertained re.^pectiiig its distance from the QUriacQ 
and its intensity. 

Whatever difference of opinion may exist as to the condition 
of the eartli's nucleus, it is uiiivprsally admittefl that lU sur- 
face has long since arrived at a constant temperature, the loss 
of internal heat by radiation or the cooling of the glohe being 
fully eompensattid by iusolatton, or the heat poured on it by the 
sun. The speed with which a body coola or parta with its heat, 
de[M?nds on the exces-s of its heat above that of the surrounding 
medium. As that excess decreases, so does the efflux of heat. 
Ifj then, the body receives from an external source heat equal 
to that efflux, it Ceases to cool, its loss by radiation no longer 
exceeding the heat received. It thenceforward remains at a 
constant tcmperatnre ; and such is now the condition of the 
earth. The various phenomena of climate are thertifore at the 
present day totally independent of internal heat. The cause of 
all diversities and fluctuations of ti-nipcratare at the earth's sur- 
face must be sought in the circumstances of insolation or influx 
of solar heat, and in the fickleness of the elements which play 
the chief part in meteorology, and interfere with the distribution 
of that heat. 

It can hardly be doubted that the stirs are anns and shed heat 
on worlds around them. Many of them are far superior in 
luminous power, and therefore probably in size also, to our snn. 
The light of the latter is estimated to ho but the llfith part of 
that of Sirius* Yet, owing to the immense distanee of the stars, 
a tracfl of their heat can be detected on the earth only by the 

most delicate instruments. Their number, nevertheless, and 

G 2 
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their distribution over the heavens, make it likely that they 
modify in some degree the temperature of space. That tempera- 
ture was estimated by Fourier, to whom chiefly we owe the 
theory of heat, to be about —76"* Fahr. But it is hard to believe 
that the temperature of the coldest regions in the midnight sky 
is not lower than that occasionally experienced in North-eastern 
Siberia. The experiments of M. Pouillet led him to the con- 
clusion that the temperature of space is about —223° Fahr., a 
degree nearly attainable by artificial means. Sir J. Herschel 
arrived by a different process at a very similar result, viz. — 234° 
Fahr. But the heat of the stars, though by us hardly appreciable, 
may still affect the temperature of the earth through that of 
space. For low as the latter temperature is, it might, if the 
stars were extinguished, be lower still, and thus terrestrial 
radiation or the cooling process of the earth might be rendered 
more intense. 

The sun is the chief source of appreciable heat on the earth. 
The warmth of the solar rays is as perceptible as their light, and 
perhaps still more important. It is an interesting question, there- 
fore, whether the sun's heating-power be constant The spots on 
the sun which have engaged much attention, appear to be rents 
in thfe lominous covering or photosphere. Within these open- 
ings may be seen what seem to be piles of clouds around a deep 
chasm, which terminates in a black line or spot supposed to be 
the soHd body of the sun. The apparent blackness of the spot 
affords no proof of total darkness, but is rather to be considered 
as the effect of strong contrast, just as the shadows in a grove at 
a Uttle distance on a summer's day appear quite black, while 
within them there is, in reality, broad daylight. The spots 
rarely appear on the sun's equator, and never near its poles. 
They break out irregularly in zones a few degrees from the 
equator, and more frequently on its northern side. They un- 
dergo continoal change, often enduring nevertheless for several 
months ; and, like hurricanes on the earth, they seem to charac- 
terize particular regions. 

It was suggested by Sir Vi'm, Herschel that the appearance of 
spots on the snn is attended with increase of heat ; and proof of 
this was thought to be found in the low price of wheat whenever 
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the face of tLe luminfu-y was darkened by gpots. But farthor 
observation haa shown this opinioD to be groundless. The total 
absence or the crowding of spots Iiaa no cflrct on temperature as 
tested by the productiveness of the year or by ordinary instru- 
ments. But Melloni's dolicato therm o-eleotrlc apparatus proves 
that the spot is an interruption of the ^un's beating surface, and 
therefore a great increase of spots might be expected to diminish 
the tLormai power of the sun, nmless tbere be at the same time an 
increased emfssion of Heat from the disturbed surface around 
tlicm, whieh is not unlikely. 

It seems to be established that the solar epots return in force 
periodically, M, SchwabL-, who first made thia reranrk, assumed 
their period to be 10 years ; while M. Wolf concludes it to be 
ll'll jt'ars, or to return nine times in a century. Some believe 
the period of the golar spots to be connected as an effect witli the 
orbital period of the planet Jupiter. Others^ on better grounds, 
connect it as a cause with that of magnetic disturbance. 

Apart from the occasional spots, it has been suspected that one 
side uf the sun is hotter than the other ; and as the sun rotates 
on it* axis in little more than 25 days, tlte re^^ular fluctuations of 
solar heat from this cause, if there be any, most hare the same 
period. According to M. Buys-Ballot^ the thermal difference 
between the unequal solar hemispheres is 1°'25 Fahr. But it is 
obvious that the existence of a periudieal variation of solar hpat 
to this small amount, and observed only in latitudes whore 
irregular changes of temperature are frequent and considerable, 
cannot bo satij^factorily established without a long course of 
carefiU observation. 

The amount of insolation or solar heat received on the eartM 
varies in subjection to the following conditions: — Ist, the anglo\ 
of incidence of the solar rays ; 2nd, the length of the day, or \ 
duration of continuous sunlight ; 3rd, the heat-absorbing^^ 
capability of the surface exposed to the sun's rays. The greatest 
heat of the sun is that which attends the vertical incidence of its 
rays. 'Jlie niy that falLs peryrendicularly on the ground occnpies 
the least eurface, and is therefore the most concentnited. It 
also takcB the shortest course, and is therefore lea&t weakened by 
the interposed atmosphere. 
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Fig. 60. 




If a sunbeam, m A B n (fig. 50), falls vertically on A B it has 
the full width of that space ; but if it falls 
obliquely, as j9 A B 17, it is reduced to the 
width c B, and on the space A B is more 
diifused than the Tertical beam. It is thus 
diminished by diffusion in the ratio of A B 
to cB. 

When the quadrant of a circle A G 
(6g. 51) is divided into equal arcs, A B, 
B C, C D, &c., the dividing lines B, C, 
D, &C. will be all equal, being radii of the 
circle ; but not so the lines B 6, C c, D rf, 
&c. drawn from the divided arcs to G. 
These are the sines of the angles which 
they respectively subtend, and decrease with 
them. Now in fig. 50 ^ A B is the angle 
of incidence, and j? S is its sine ; and as ;? A is to p S, so is A B 
to c B ; the loss of heat, therefore, due to oblique incidence 
varies as the sine of the angle of incidence. 

It is not by diffusion alone that oblique incidence diminishes 
the heat of the solar ray. A portion of the ray, increasing vrith 
that obliquity, is thrown off by reflection from the atmosphere 
and is totally lost. Besides, all the heat received by us from the 
sun must traverse the atmosphere, which absorbs some of it, and 
the more of it the longer is the track. But the more oblique the 
incidence, the longer must be that track. On the assumption 
that the height of the atmosphere is about the hundredth part of 
the earth's radius, the annexed figure (52) will fairly represent 
the relative lengths of those 
tracks. From this it is e\-ident ^?- ^^■ 

that the vertical ray Z A from 
the zenith has the shortest 
course through the atmosphere ; 
while, also falling on it perpen- 
dicularly, it loses little by re- 
flection. The ray from the horizon, on the other hand, H A, has 
much the longest course ; and the intermediate rays all cross the 
atmosphere by longer paths the more acute is their angle of 
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inclination. Bnt the length alone of tbeae lines does not fully 
account for the abatement of heut which takes pljtce along them. 
The more the sol»r ray is inclined to the horizon^ the great-er is 
the proportion of it wliieli passi's through tht' lower and vapoor- 
laden stratum of the atinosphero, where heat is absorbed with 
most rividity. Hence it is that the setting sun in the horizon, 
when no trace can he seen of cluud or vapour, niay be looked at 
with inipuniU' by the iinprot«d.ed eye. The dimiiintion of heat 
due to this Wv.Be also is in a ratio not less than that of radius to 
the sine of the obliquity. Consequently the reduction of beat 
due to ohlique incidence and atmospheric interference tiiken 
together must proceed nearly in the duplicate ratio of the sine of 
the nngk^ of inclination. According to M. Pouilletj the pro- 
portion of heat intercepted by the atmosphere ia in Paris never 
less then two fifths, or 40 per cent. By Mr. Forbes, it tvos esti- 
mated to l>p, ou thti Alps, 4tj per cent. 

Now the snn at any ^iven time can be vertical to only one 
circle of latitude at or between the tropics ; on all the rest its 
rays must fall more or less oiiliquelv, nnd therefore with heating- 
power more or less diminished. In general U-rms tlie sun's 
meridian altitude or the angle of incidence is equal to the snm or 
difference of the latitude of the place and the sun's declination, 
according as the sun and the place in question are on the same 
or on opposite sides of the equator ; but when the stm is at the 
equator, that angle h everjTvhere equal to the complement of 
the latitude, the sun's zenitli-distance being then equul to the 
latitude of the place. If, then, the sun be supposed to be at its 
mean place (that is to say, at the equator), the greatest heat 
received at any point along the meridian will be as the smi^s 
meridian altitude, which varies as the cosine of latitude, or 
the radins of the parallel of latitude. Lines, therefore, as c t, 
as"^ h tf (fig. 53) drawn from any points {f,a, and it) on the 
earth's surface perpendicular to its axis, will represent the pro- 
portions of heat receivable at thoee points from the sun at the 
equator (E). 

Tliese proportiong will of course change as the sun moves in 
declination. Bnt the eft'ect will be the same whether the change 
of zenith-distance arise from (he motion oftlie luniinarv or of the 
point in question. If^ then, we suppose the point a^ tig. 53, to 
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move a distance equal to the inclination of the ecliptic (23° 27') 



Fig.BS. 




in both directions, or to 6 and c, towards 
and from the equator, then the lines 
b y and c z drawn perpendicular to the 
earth's axis, will represent the amounts 
of solar heat received by a at the sum- 
mer and winter solstices respectively. 
Bat it is evident that by and c z must 
be together always less than twice ax\ whence iji follows that 
the equinoctial heat for the whole year would exceed the heat 
of the two solstitial half-years, and that the sun would give 
more heat to the earth between the polar circles, if it stood 
still at the equator and had no motion in declination. In 
consequence of the curved surface of the globe, any point 
between the equator and polar circle Idfees more heat by the sun's 
retreat in winter to the opposite hemisphere than is gained by its 
approach in summer. Instead of pouring heat constantly on one 
hemisphere between the poles, the sun, owing to the obliquity of 
its path, wanders over a hemisphere and a quarter, so as to shed 
heat annually on 23° 27' beyond either pole, the heat thus gained 
by the polar regions being, of course, lost elsewhere. This loss 
varies as the obliquity of the ecliptic ; and consequently, if it be 
true, as some believe, that a slight improvement of climate has 
been experienced in Southern Europe within historical time, a 
natural explanation of that change may be found in the reduced 
obliquity of the ecliptic. The effect of oblique incidence on 
light and heat is shown in the following Table : — 
Sim'e Atmosphere Light Heat 
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One half of the globe is always illniniiiocl by the snn, and f 

with the lijt^ht recpivcs heat also. Indeed, owing to the superior 
magnitude oC thii sun and the deviation of its heanis caiisod by 
airncispheric rcfntction, the illuniinatwl portion of tha globe 
[exceeds a half, embmciug a zone of about 40 miles la mean 
treadth beyon<l the hemtsiihere. Tills illtmiination goes ronnd 
the earth in twt^nty-four hours sohir time, and is* distributi-d 
equally in respect of total duration, though not in a unilbnn 
mannerj over the whole globe. At the eqninosea, when the sun 
is in the equator, the circle thai divides liiriit from darkness 
passes through the poles, cutting equally and at ri^ht angles 
ail the parallels of latitude. D.iy and night are then every- 
where equal. But aa soon as the luminary quits its central 
position, the same circle becomes oblique to the parallels and 
divideB them unequally. Then,, in the Lemisphero in which the 
sun advances, the illnmiaod portioiis of the patullt'Is exceed 
the dark portions, or the day is longer than the night ; the 
inequalitj' increasing towards the; pule, and also as the sun's 
declination increases. In the other hemisphere the case will be 
reversed, darkness there gaining the ascendancy in like manner 
and degree. 

When the sun has reached the solstice or Jmlt at the tropic 
or turning line, distant 23"^ 27' from the equator, it has by this 
advance reduced by double that amount, or by 4G*^ M' (reckoning 
from theopposito solstice), the oblique incidence of the aolar rays 
on the zone between the tropic and the pole,, in the hemisphere 
favoured by ita pteaence. This greater addition t£> the direct 
power of insolation, together with it« prolonged continuance 
by the increased length of the day, is manilested in the warmth 
of siuniner. At the equinoctial line the snn is never more thsm 
23° 27' distant from the zenith (the slow change in the obliquity 
of the ecliptic being disregardeil) ; and the length of the equatorial 
day varies but little. Here, therefore, there is no distinction of 
seasons — though, ae there is no twilight and the wind generally 
changes at snnset, the difference t>etiveen night and day is 
strongly marked. At the tropic, when the sun is in the zenitii, 
the heat is greater than at the equator under hke circumstances, 
because iliere is not at the former regioQ so dense a canopy of 
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clonds or so hnmid and heat - absorbing an atmosphere as 
characterize the bitter, and also because the snn about the 
solstice moves slowly in declination and seems to linger near the 
zenith. But this great accession of heat is more than counter- 
balanced when six months later the snn has reached the other 
tropic 46° 54' distant. The consequence of this change is that 
the mean annual heat of the tropic is less than that of the 
equator, although the temperature of the latter line is evidently 
reduced by peculiar circumstances much below that otherwise 
due to its central position. Yet at the tropic the length of the day 
varies but little, and the seasons, not fully contrasted below the 
30th parallel of latitude, are distinguished only as the teet and 
the dryj not as summer and winter. 

The increase of temperature in high latitudes brought about 
by the more direct incidence of the sun's rays, is limited by the 
confinement of the luminary between the tropics. The change 
in the angle of incidence can never exceed the breadth of the 
tropical zone or 46° 54'. But the inequality of day and 
night, or of sunlight and the privation of it, passes through 
every possible gradation, increasing from the equator towards 
the pole. A\Tule one pole is fully illumined, the other is left in 
darkness, each having continued sunlight for six months and 
continued darkness, or rather twilight, for an equal period. At 
the polar circle (lat. 66° Z2f) the wintry days grow shorter and 
darker till at the winter solstice (the 21st December for the 
Northern hemisphere) the snn appears on the horizon only for 
two or three minutes. Thenceforward it gradually ascends 
higher ; and when in three months or at the vernal equinox it 
arrives at the equator, it has attained at the polar circle the 
altitude of 23° 27', and remains twelve hours above the horizon. 
And now comes the polar summer. The day rapidly lengthens 
till on the 21st June (the summer solstice) it attains the length 
of 24 hours, the sun rising at noon to the altitude of 46° 54', and 
at midnight just touching the horizon. 

At the pole itself the sun is seen for the first time in the year 
at the vernal equinox, or in March (in the northern hemisphere) ; 
and once above the horizon, it continues there, mo\nng round the 
heavens in a gradually ascending spiral path till it attains in 



THK LEKGTE OF THE DAT. 



91 



three montlia the altitutlo of 23° 27'. It then begins to descend 
thy siune spirul path and terminates the long polar daylight of 
six months bj setting at the nutumnal equinox. Whib thus 
setting tor the northern pole it riACB for thts southern. 

The length of the day is usually reckoned from the iastant 
when the middle point of the sun ris^* above the horizon to the 
instant when the same point »L'ts. But tho mean breadth of tho 
stun's disk la 33 minutes. Consequently half of the sun (IG') is 
above the horizon before the comnienceiiiMit of the astronomical 
day^ which i« followed as well as preceded by sunlight. Ilt^fraction 
also raises an object on the horizon about *Sl) minutes. Hence 
the motion of a bravenly body de8eendiiici; to the horizon 
is apparently retiird^l and it$ fij^ure nbridgod by the increasing 
refractfoH. The whole disk of the snn, A (fijr. 55), is seen rai^ 
and converted into an eUipi>e l»y 
refraction, when at an altitiitle of 
about 20°. 13 shows it apparently 
touching the horizon H N, when 
the orb A' has really set and is 
four minutes below that line. 
Thus siualight is prolongr^ while 
thfi heavens move through 52 
minutes of space. The time 
reqiiirt'd by the eun to ascend or descend an altitude equal 
to its own ppmidiameter depends chiefly on the inclination of 
its path to the horizon. At the equator, wht-re it moves at 
right angles to the horizon, tbe addition to the length of the 
day or to sunlight ffoni the causes Just explained is but 3J 
minutes. But at the pole, where the sun'.s path makes an acutp 
angle with the horizon, the same cautses add 53 hours to the 
otherwise long season of uninterrnjhtwl Mnnligbt, which there 
extends to 187 days, 173 remaining to tht) long and gloomy 
winter. 

Tilt! apparent path of the sun, in reality tniced in the heaven§ 
hy the earth's revolution on an axis inclined to ila orbit, is a con- 
tinuous spiral line which cannot lie correctly r^^presented in any 
figure, becau^j the StiS lines of that s[piral, back and forward, 
occupjdng a space less than the 3U,(KKHli part of the sun's dis- 
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tance, no lines conld be drawn fine enough to represent it in its 
true proportions and within reasonable limits. But all thoughts 
of jost proportion and exact delineation being thrown aside^ 
figures may be devised which will give some idea of the varied 
aspects of the sun's course in different latitudes of the earth. 

The position of the globe in respect to the celestial horizon is 
generally in maps accommodated to the place or country in which 
the map is made. That place is always at the summit ; and upon 
it therefore depends the inclination of the earth's axis and the 
equator to the horizon. Thus, London being in lat. 51° SIX 48", 
the north pole is placed at that altitude above the horizon, to 
which the equator is inclined at the complementary angle of 38° 
29^ 12". But the inclination of the earth's axis of rotation at an 
angle of 23° 27' to the plane of the ecliptic or orbit of revolution 
is an absolute fact, unchangeable in every position of the globe. 
While the earth rotates in 24 hours, the sun seems to go ronnd the 
heavens; but the earth at the same time advancing in a path inclined 
to its equator, the sun's right ascension also is thereby changed, 
and the luminary appears to move round in a spiral line, ascend- 
ing in half a year 23° 27' from the equator, and then descending 
the same distance below it. The earth's orbit is described in 
a rectilineal plane (fig. 56), which may be represented by the 
straight line a b incUned to the p. _~ 

equator. From the opposite 
side it appears as a' b'. These 
lines, drawn as seen from op- 
posite points of ^-iew, are in fact 
the sides of the orbit between 

the solstices, a coinciding with "T ?" 

a', b with U. They represent respectively the ascending and 

descending half of the orbit, viewed from the same point in the 

Dtre ; and making each an angle of 23° 27' with the equator, 

By embrace an angle of 46° 54' and mark the limits of the sun's 

ovement on the meridian. If, then, within these limits we draw 

ilpiral lines to represent the sun's diurnal revolutions in the course 

of a year, and suppose the earth to be at the central point, we shall 

have a figure capable of illustrating the phenomena of insolation 

in different regions of the earth. 
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Fig. 57 shows the configuration peculiar 
to the equator. The heavenly bodies all 
rise verticallj ; and while the sun is at the 
zenith; all perform half of their courses in 
daylight. Night and day are then per- 
fectly equal. The sun goes in three months 
to the solstice A, goes back again to the 
zenith, passes on to the solstice B, and 
completes the year by returning to the 
zenith, from which it is never distant mora 
than 23° 27'. At the tropic (fig. 58) the 
sun is at the zenith but once in the year 
at one solstice, and at the other 46° 54' 
distant from it. In lat. 51° 30' (fig. 59) 



Fig. 57 




Fig. 58, 



Fig. 69. 





the sun when highest is still 28° 3' from the zenith, and in 
midwinter is 74° 57' from it, rising little more than 1 ()° ulwvo 
the horizon. The length of the night varies from 8 to 
16 hours. The polar circle (fig. 60) has, on one day of tho 
year, sunlight for only two minutes, and six months afterwards 
a day of 24 hoars. The sun at the pole (fig, 61) rises but onco 
and sets but once in the year. When risen it goes round tho 
heavens nearly parallel to the horizon, and never attains an 
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altitude exceeding 23*^ 27'. So near the horizon it is dimmed by 
perpetual fogs. The setting of the son at the end of September 
is succeeded by a very long twilight. 



Fig. 60. 



Fig. 61. 




Earthy minerals being in general bad conductors of heat, the 
solar heat that falls on the ground penetrates but a little way 
below^ the surface. Its rate of progress in the first instance is 
said to be an inch in about 32 minutes ; but it rapidly abates, so 
that at Brussels the heat of summer takes six months to descend 
to a depth of 24 feet. At that depth the highest temperature of 
the ground occurs on the 12th December, the lowest on the 18th 
of June. Hence it is that the water of springs is so often found to 
be warm in winter and cold in summer. It is collected at a 
depth which the temperature of the surface does not reach in less 
than six months. The annual changes of surface-temperature 
probably do not penetrate the ground in middle latitudes to a 
depth exceeding 80 feet. But the depth to which the solar rays 
may affect the ground depends much on the nature of the soil. 
Heat is propagated more rapidly in compact sandstone than in 
loose sand, and in the latter than in trap-rock. It makes its way 
more easily by the lines of stratification ; and consequently hori- 
zontally stratified rocks are comparatively impervious to solar 
heat. It must be remembered also that the internal temperature 
of the ground at any place is liable to be affected by water passing 
through it. Water from above will generally depress the tem- 
perature, from below will raise it. The daily variations of tem- 
perature rarely penetrate the ground in Europe beyond a depth 
of 3 feet 
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About the eqnator the diurnal vitriiition of tcmpeniturc, incon- 
sidfTable in the air, is quite imporcoptible in tiii> ground. Tiii3 
coiistiincy ia due to tlits comjmrative invariability' af the sun's 
htatiiig-power in the torrid zone. Where the sun is in or near 
the zt'uith, the peuetrating power of iU rays must be grfmtost ; 
and therefore the teniperatare ut' thp ground most dept'ud more 
entirely on the iun butiTeen the tropics than olsewh^r*?. This 
remark will serve to explain M. Bon?isiiigimlt'a obf^ervsition, that 
in Equatorial America the teinperature of the groimd doea not 
&eem to increase downwards but rather to decroaso, Now the 
fact is that in Enropp, out^iido of the polar circle, the temppratm-ft 
of tho ground does not in summer increase downwards from the 
surface, but decreaj^es down to tlie line of con.staiit temperature, 
tlie limit of external influence, and tJicnce increases. In the 
torrid zone, as elsewhere, tht? heat of the ground, ao far as it is 
derived from the sun, nm:At decrease downwards. But that de- 
crease must come to an end at a depth perhaps of 1:20 or 150 
feet ; and thence temperature increases towards the centre. ^^^ 

The consequences of the oblique ineideuco of the solar rays die 
not e.5cape the observation of the ancients. Claudius Ptolemy^ 
divided the earth into climates (kXi'^otb, or inclination^)— that is, 
into zones differing to a certain" amount in the length of the 
longest day. His first climate extpnded from the equinoctial lint 
to lat. 4*^ 15' ; his second, differing from the preceding by a 
quarter of an hour, extended to lat. 8° 25'. But as he proceeds 
towards the pole he was obliged to allow his zones wider limits^ 
of time. His calctilutious were all inaoenrate ; and his climated 
have manife!»tly little connexion with climates in the modern 
sense of the word ; for we now mean by climate not a certain 
inclination or obliqultj- of smilight, re.sulting from latitude and 
the snn'^s declination, Inut a natural character, of which thatjl 
inclination is always an important but ohcn not the most Influen^ 
tial element* The division of the earth into hourly zones, theii 
halves or quarter?, having no practical value soon fell into disuse 
and does not deserve revival. The length of the longest day in 
ditferent tatitudes, with its rapid increaise towards tho pole^ is 
shown in the following Table. 
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Lat Longest day. Lat. Longest da;, 

o h m o h m 

12 40 14 51 

5 12 17 45 15 26 

10 12 35 50 16 9 

15 12 53 55 17 7 

20 13 13 60 18 30 

25 13 34 65 21 9 

30 13 56 66 33' 24 

35 14 22 

Beyond the polar circle {6G° 33' ) the snn's stay above the 

horizon is measured not by hours but by days. Thus the lominarj" 

does not set in 

Northern Southern 

„ Hemisphere. Hemisphere. 

lat. 70 during 65 days. 60 days. 

75 „ 103 „ 97 „ 

80 „ 134 „ 127 „ 

85 „ 161 „ 153 „ 

90 „ 186 „ 179 „ 

The summer of the northern hemisphere is about 8 days longer 
than that of the southern, because during the former the earth, 
being in aphelion or the part of its orbit furthest from the sun, 
moves with abated velocify. The passage through the perihelion 
(the nearest part of the orbit), in the summer of the southern 
hemisphere, is performed more rapidly. 

As to the actual heating-power of the sun, it is not easy to find 
a convenient mode of measuring and expressing it, M. Poaillet 
concluded it to be 1° "7633 Cent, in one minute on a square centi- 
metre, or about 20° Fahr. ou the square inch. Sir J. Herschel 
ascertained, by careful experiments made at the Cape of Good 
Hope, that the vertical rays of the sun under a clear sky can 
melt 0"00754 inch of ice in a minute ; and combining this result 
with that obtained by M. Pouillet in a like experiment, he adopts 
the mean of both observations, or 0'007285 inch ftf ice per minute, 
as the measure of the melting power of the vertical sun. Now 
it is worthy of remark that the results obtained by these two 
experimenters agree in reality still more than in appearance. 
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M. Ponillet, observing in Paris from May to September, fomid the 
figures 0*00703 ; Sir J. Herschel, in the southern hemisphere 
about the 1st January (when the sun is in perigee) foxmd 0*00754. 
But the sun in perigee being at its least distance from the earth, the 
summer heat of the southern hemisphere exceeds at any moment 
that of the northern in the ratio of 16 to 15, If liie figures 
0*00754 therefore be reduced by a sixteenth they will become 
0*00707, or nearly the same as those found by M. Ponillet. Hence 
the assumed meastire 0*007285 may be accepted as the true mean 
for the whole earth. At such a rate an inch of ice would be 
melted in 2 hours 17 minutes, a foot in 27 hours 24 minutes 
of sunshine, and 157 feet in a year. This refers to solar rays 
vertically incident and otherwise undiminished. M. Pouillet, 
again, arrived at the conclusion that tiie solar heat annually 
poured on the earth would suffice to melt 101 feet of ice uniformly 
spread over its whole surface. From these data it may be con- 
cluded that since 142 degrees Fahr. of heat are required to melt 
ice, the perpendicular rays of the sun falling on a square inch of 
ice, can communicate to it something more than one degree of 
heat in a minute. 
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CHAPTER VII. 

TeneBtrial Badiation — depends on tlie Character of the radiating Surface — 
ranee with Season and state of the Sky — proved by Experiment — lowers 
Temperature — Dew and Hoarfrost. — Radiation varies as Insolation. — 
Making of Ice, io India and China. — Attempts to measure B&diation — 
ita Efiects on the Earth — and on the Moon. 

As heat finds its eqailibrinm on the earth by radiation from the 
warmer to the cooler bodies, so also it continually flows and 
reflows between the earth and the heavens. As day and night 
alternate, so also do heat and cold. Lengthening nights bring 
on the cold of ^vinter ; long days the season of light and warmth. 
The changing altitude of the son on the meridian gives rise to 
the diamal changes of temperature ; the varying length of the 
day accoonte for the annual vicissitudes of season. At dawn 
begins the influx of heat, which increases till the snn at noon 
attains its greatest altitude. The heating power of the Inminarj 
haWng then reached its maximum^ begins to] decline ; yet the 
ground, which is the immediate source of heat to the air, having 
become heated, the temperature exceeds for some time the loss 
incurred by radiation, so that heat continues to acciunulate tmtil 
radiation overtakes the now relenting march of sundiine. Thifi, 
in middle latitudes and at the level of the sea, generally takes 
place a little after 2 o'clock. At that moment occurs the daily 
maximum of heat Radiation of heat to the sky then begins to 
])redominate as temperature declines, and under favourable 
atmospheric conditions goes on without check till sunrise, just 
preceding which occurs the greatest cold or daily minimum of 
heat. 

Radiation being from its nature active in proportion to the 
heat that feeds it, follows temperature at some distance in the 
early part of the day ; but increasing with the influx of heat, 
gains the upper hand soon after the latter has begun to decline. 
The daily maximum of heat therefore follows noon at a short 
distance. But at night radiation has no antagonist, and its 
effects go on accumulating till sunrise, however long that may 
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be deierred. Radiation may bu in action dnrinjf tliB wbole 
24 bourn; whereas flunsliine goes through all ita phases of 
increase and wane, in general in Lalf tluit timoj, nnd then dis- 
appears. Something Uku thia in(M|u;dity in tUo daily conHiet 
butwecn insolation aud radiution may bu found also in the con- 
ditioner oi' their annuul struggle. Th(j sun being confined to a 
cortain zone of thi5 heavens, the eti'eet of ita rays (in the greater 
]>ordon of the globe must be always diminished by oblique 
incidence. But mdintion on the other baud is nubjeet to no 
such reduction^ being overywbore directed to tlio visible heavpns, 
though witii most intensity to tho zenith. Yet tho solar warmth 
is never wholly loat, nor does the cartli sink to the temperaturo 
of remote space. For the sun always shines on ono half of the 
earth's atmospher^^ and as ibatatnlO&pherL^ mees^-antly circulates, 
it serves for all parte of tbo globe as a coumiuuicsitioii -with the 
source of boat. 

It baa been already stated that free radiation of bodies 
depends mudi on the character of their Borfacc, and that tbts 
cbaracters most favourable to radiation, viz. roughness, librous 
texlure, &o.j, are really those wbicli imply an anipllficjitiun of 
surface. Radiation from the earth therefor© variea not only with 
the niinerni constitution, but also with the configuration of the 
ground. That which is perfectly flat, bare and smooth i-adiatcs 
leasts Uneven ground presents more surface on nn equal area, 
and vegetation always seeking by its devolopnicnt to hold inter- 
cuurso with the atmosphere, greatly facilitates the process of 
radiation. 

The radiation of heat firom the ground attains its maxunmn at 
the end of a long night, under an ain|)!M extent of perfectly clear 
sky. It is lesiii therelbre in a close valley or among trees than 
on aa open plain. If a thermometer be laid in cotton wool on 
long grass, exposed to a cloudless noetumal sky, and its indi- 
cations be compared with those of a thermometer suspended at 
Some distance above the ground, it will bo seen that the air is cooleBt 
nest the grotmd, that the temperutute increases rapidly from 
the ground to the height of 4 or 5 feetj and thence more and 
more slowly up to 12 or 15 feet Caro must be taken to screen 
the thermometer from tho sky ; otherwise the glass, Ijeicg a free 

u3 
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radiator, will show a temperature below that of the surroimding 
air. The greatest difference between the thermometer on the 
ground and that in the air, recorded in the careful experiments 
of Mr. Glaisher, is 28''*5 ; but under a clear sky in our latitudes 
a difference of 20° occurs frequently. In low latitudes with dry 
climate the effects of nocturnal radiation are still greater, effect- 
ing in some cases a refrigeration of at least 80" Fahr. Haze 
or clouds diminish radiation, which ceases altogether when the 
sky is completely covered. If a delicate thermometer placed 
with its bulb in the focus of a concave, well-polished silver 
mirror, be presented to the blue sky, while screened from all 
other objects, it will fall several degrees below the temperature 
of the air, but will rise the moment the axis of the mirror is 
turned to a cloud, and in proportion as the cloud is near. Any 
terrestrial object entering its field of view (even, as Sir J. 
Herschel relates, the smnmit of a snow-clad mountain will) raise 
its temperature. 

It has been hastily concluded from the obsen-ations of Mr. 
Daniell that radiation varies with the altitude of the sun ; for in 
England it is highest in Jime, though the temperature is greater 
in the three following months, and lowest in Januarv". But it 
must be remembered that the summer rains fall heavily in July, 
and the greater radiation in June is probably not attributable to 
the sun's altitude, but rather to the favourable union of tempera- 
ture, dry atmosphere, and clear sky. Radiation of the surface 
increases in intensity with elevation above the level of the 
sea, or as the atmospheric interference decreases. Towards the 
equator it generally decreases, owing doubtlef^s to the abundant 
vapour of a warm atmosphere. The cooling-power of radiation 
depends entirely on the clearness of the nocturnal skv, perfectly 
free from cloud or vapour. Hence the intense cold felt in dry 
countries. Radiation, like light, is most intense when acting 
from the zenith, in which direction there is least atmosphere inter- 
posed. Plants protected overhead will never suffer by the cold 
that may come from a low altitude. Tlie cold of radiation 
penetrates but a little way into the ground ; at 8 inches below 
the surface the nocturnal temperature of the ground may often 
be found doubled. 
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'The MSttlts of Mr. Dauii'll's ohservutions to determino ihe 
nocturnal mdiatiom in London^ continued for three years, are 
ebown in the following Table : — 

Mean Mean cnoling Ab.?rilutG 

tempcrnture oftherrouDd maximum 

of air. bv TadiatioD. of cooliag'. 

c FaljT, ^ „ 

Jnnnarj' 320 3'5 10 

February 33*7 4-7 10 

Miirch 37-7 5'5 10 

April 43-2 6'2 14 

May 451 4-2 13 

June 48-1 5-2 17 

July 52-2 3-6 13 

Augnst 52!) 5-2 12 

SoptembcT 50'1 S"* 13 

OetoW 42-1 4-8 11 

November SS-3 3-6 10 

December .,,,,, 35 "4 3*5 11 

From this it appears that in nine months of the yt-ar, omitiing 
incidental and irregular extremes, the ground at London may 
siuk at night to the freozing-point, and in the other three 
months (July, Au^tf^t, and September) it may full to witbln 
five dogrces of that point. In tropical eliniates radiation at 
great clovations is extremely active. Grencnil Sir Edward Siibinp 
found that in Jamaica, near tho sea-shore, radktiun never 
lowerod thw thermomyti.T mon? tbon 11|- degreeSj bat at the 
height of 4000 feet, 18 degi-oes. In South America lilso, 
according to M. Boitf-^mganlt, radiation at moderate heights 
nevpr deprL'sscs thi? tbennometer moro than 10 or 11 dogrees, 
bat at great olevationB it makes the snow at the surface pink 
25 degrees below the temperature of the surrounding air. The 
effect of radiation on snow was carefully observed on tho 
" Grand Plateau " of Mont Blanc by Messrs. Bavaia and Martin ; 
and they found that vrhiic the temperature of tho air was from 
24"'^ to 21'''2, Fahr., tlip surface of tbo snow upunlly fell at 
least 23° lower, and varietl from if'i't to 4° Fahr. It was 
■ remarked by Capt, Scoresby that in the polar regions tbe sea 
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never freezes nnder a cloaded sky, when the thermometer is 
above 29**; but under a clear s^ ice is formed when the 
temperature of the air is at 32". In this latter case the surface 
of the sea is doubtless cooled down by radiation to a temperature 
much below that of the air. 

To make experiments on radiation successful, care should be 
taken to lay the thermometer on a substance possessing great 
radiating and little conducting power. The relative fitness in 
this respect of the following substances has been determined, 
by Mr. Glaisher and estimated in numbers, that of long grass 
being taken for the standard :— 

Raw white cotton-wool ... 1222 



Flax 1186 

Haw silk .'. 1107 

Long Grass 1000 

Lampblack powder 961 

Flannel 871 

Glass 864 

Sheet copper 839 

Charcoal powder 776 



Snow 657 

Sheet iron 642 

Paper 614 

Slate 573 

Garden-mould 472 

River-sand 454 

Stone 390 

Brick 372 

Gravel 288 



From this Table it appears tiiat under all varieties of conditions 
cotton-wool is fonnd to be the best radiator. It is remarkable 
that Mr. Glaisher assigns a higher radiating power to snow than 
to sand, whereas in all Patrick Wilson's experiments sand was 
invariably colder than snow. Is this to be ascribed to the 
difference between dry and wet sand? or may we not rather 
assume that the radiating power of snow depends on its con- 
dition, being greater in fresh snow, retaining its crystalline 
structure, than in that which is compressed? 

Plants of every kind arc highly favourable to radiation, 
l)ecauso the functions of vegetable life demand ample surface, and 
plants unfold their leaves only to spread surface to light or to be 
in contact with the air. Humboldt remarked that in the plains 
of Venezuela and on the banks of the Orinoco, the air was cooler 
among the leaves of plants. But little notice has been taken of 
^the influence prolMibly exercised by great forests in bringing 
about vicissitudes of temperature in warm climates. The cool- 



NAriTIlE OF DKW AND HOAliFROST, 



103 



neas of a wood is perhaps attributable, not so much to the ex- 
clarion of tlie solar beams as to the descent of cold air from the 
8wnniit4eTel of the trees, where tho radiation mnst be intense* 

The effects of radiation in lowering tcmjierature on the ground 
were investigated in tho last centnry by Lo Bay of MoutpoUior 
(1751)^ by Pietet and Prevost of Geneva, and by Professor 
Piitrick Wilson of Glai*^ow. By their researcht'S all tbu pbe- 
aomonrt wore brought to light, but not in all cases perfectly ex- 
plained. When Dr. Wells therefore, in 1812, publiehed th& 
coilectivo rosolts of these inquiries in a popular vobune (on Dew), 
ho obtained at once the fame of a great discoverer. At that time 
it was generally believed tbfit the cold of night or of early 
morning is ojinsed by the depo-sition of dew ; whereas i]i reality 
dew is the efiect, and not tho cause, of cold : it ia the humidity 
wrung from the air by the cold produced at the surface of tho 
ground by radiation. The quantify of vnpnur floating at .iny 
time in the atmosphere depends on the temporaturo of the latter. 
A certain quantity ia sustainable at a certain temperature ; and 
le air with ^h supply of humidity is said to bo aaturatotl, 
Jnt if it bo cooled down below tho point of .mturation or dew- 
point, tho excess of vapour in it must be condensed and fall in 
the liquid state as dew. If the temperature of the radiating 
surface is below the freezing-point, the d^w being congealed, 
becomes hoarfrost. Hence it is that heavy dews and hoarfrosts 
occur only tinder clear and nnclonded 8kie3, and that the full 
moon (which tends to produce, and very oft^n shines in, an un- 
clouded sky) is vulgarly suspected of exereijsiug a blighting 
jnfluonce. Dew, then, ia the vapour dift'uscd through the air in 
contact with or near the ground, and foree<.l from it by the cold of 
tbe latter. Hoarfrost is a like deposit congealed. At an early 
hoar on May mornings proofs of the nocturnal frost may often 
be seen in minute spicula or needles of ice collected about tho 
points of thorns, because sharp points, having much siirfaco in 
proportion to mass, are pecnliarly fitted for radiation — and chiefly 
on the gooBeberrj'-busb, perhaps because its thorns are near tho 
ground. Hoar frost is never seen on smooth and rounded 
surfaces, such as that of the ash tree, but only on pointa and 
sharp edges. 
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From what precedes it will bo erident that under a clear noc- 
turnal sky the warmth of the ground only increases the energy 
of the radiating process and the consequent refrigeration. Hence 
the extreme morning cold so often unexpectedly experienced by 
travellers in hot and drj- countries. In many cases the illness 
ascribed to malaria is in truth only a severe cold caused by the 
sudden and excessive fall of temperature at sunset, and rendered 
fatal by injudicious treatment. Ice is occasionally fonnd on the 
Nile near Syene, at the southern limit of Egypt ; and it is well 
known to the inhabitants that this phenomenon follows a low 
Nile or unusually dry year, the increased refrigeration at night 
being due to the total absence of haze or atmospheric vapour. 
Wo are told that the water-skins of caravans in the Sahara, or 
burning deserts of Africa, have often during the day a tempera- 
ture exceeding 100° F. and yet are frozen before morning ; and 
M. Eohlfs, the celebrated African traveller, states that at Morzuk 
in Fezzan (lat. 25° 50' N.), where the heat in the shade during 
the day is often 130° F., the thermometer in December ordinarily 
fplls, just before daybreak, to 25° F., or 7 degrees below the 
freezing-point. 

In the plains of India and China the people have known for 
ages how to take advantage of radiation to make ice on a great 
scale. Ice an inch and a half thick is thus made at Benares. 
But it is made also much nearer to the sea-shore and under a more 
humid atmosphere. A recent account of the production of arti- 
ficial ice at Hooghly near Calcutta furnishes the following parti- 
culars. In level fields fully exposed to the sky are marked out 
quadrangular beds, 120 feet long and 20 wide, extending from 
west to east. These are excavated to a depth of two feet, and 
when perfectly dr}- are filled with sheaves of rice-straw, over 
which again is spread a quantity of loose straw. Thus is formed 
a nonconducting bed of a good radiating substance. Towards 
evening are arranged in rows on this bed shallow dishes of un- 
glazed clay, about D inches in diameter, and so porous that they 
become moist throughout as soon as water is poured into them, 
and begin to evaporate. The quantity of water in each dish 
varieg from two to eight ounces accortling to the state of the sky ; 
the average is perhaps under four ounces. ^Tien the dry land- 
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wiud from X.X.W. hlavt^ ^^niW and s'U'adil\-» dio wiitw !« ptMiit*- 
timo'S all frozen ; but this ran*ly liuppr'tts. As so*mi n.* cowj^iltttiivn 
is ot>:?emxl tjikint; ]ilaci' in any dislu sinnll (i!ni« !>f iitv fi>>m il jin' 
dnipped into tlii^ other disln's, which lui^tcns thi' [pnn'cw. Uni' 
bt^ contiUHS abont 4tiW dishes nntl nt^rly 2-10 ^lUons ot' watpr* 
producing on a fiivoTiriiM*' ni^ht 10 vwU uf iw* or abaiit hjill" iho 
weight of Ibc wiittT. much ot'wiiiyh is lost by evaiwi'sitiou. So 
poworful Is radiation on cUitr nijchts in tropicul diuuitos thnt thp 
Uu^rmoTDot^T jit H<>nn;ldy hasln't'ii 3<'4>n to full l.t*'.'! in 4 ininiitt>d 
at sunset. At tho k't'-pila tJiotrniporatiini on lln* ulraw is ir'^ K., 
M-hile thret' fot*t hijfhcT it is -Ib^. 

Tho radintiou of hrnt front t\v^ mrth to thr. hfiivi^ntt U obviously 
a particular casu of the ^t-nend r((n.'Lliy.iitii)n of tcmjH'rattiit' that 
tukos j)]iicy lijuoiig all boilit's^ and pro^rs (hat the i'iii'IIi'm trmpt** 
rjituro exceeds that of Burniiniilln;; npiu'c. Hnt of that Hpai'i' and 
it-? tentpcrnturp wo Iiiivc iii>clr'»r Mi'ii. An'ordlti^f to M. l*ouillc>i 
tht' infan, tr-inpt'ratnri' lA' our atniospli.To it*, hi IIm nppor rr^^ions 
much below, in Ms lowor ri'{iioii,«< rnin-h ahovtt, thui of j^piii*nd 
spaci'. But. wliiitt i.H tbi' (('rniii'miuri' of iri'MiTtil .'ipfiri'V 1 1, was 
supposed by Fouritr to he —H'Pf or littlo i-oldiT (lian ih*' u-inlcr 
in Yakutsk or Melvillfi I.tlajid. Poi8!<on,ajjatn, (vtutdiifhid tlial. thn 
temperature of Paris, if tho mm with r.vtiii^iii.'tlind, woitld ho not 
lowor than IS^'fi Fahr,, or only 2'*i°'i Iwhtw Ihn fn-i-j-hi^-pnint. 
Ho aseribecl much iniportanco to Htar-lioat, aii<l iiwiMl tlKiuyJil, iltiit 
tho higher tenipentturo of the Norlln-rn bi-^TiiiHiplK'rn ini;i;ht Im 
accounted for by tbo grmtt-r donsUy cjf tho Mtar?* in tlio nnrllicru 
heav4:>nK. Hut Hubr^ctpgi'iitly M. Poiiil)c-(. foinid froui rrpi'jtlurl 
obsenatioUd witli tiiw iu:tinom(ft«!r tint tbo l^imptTatnro of colt-fltlal 
>uc^ lies b<'two<-n - 28^° and - 1 74° Fabr. ( I T.')'' and 1 14° Cont.), 
1(1 lie finally adopted fur Itn rxprrHxion tlit^ intMin —22iV'i'i F. 
(—142° C). Sir J. Herschel, again, tjikin^ the mean botwoon hU 
own and M. Pouillet's obsorvationw, lixid it at —234" K. TJicho 
det^^rminations must bo ro^^rdiid oidy an rudo jipjjroxuiiationH 
where accuracy is nnattuinablf. Tho tonipcraturo of upaw am 
nevor bo found apart from that of t}w atmowphcirc, whi»^b in 
extremely variable. M. Pooillct, at>f>nmin^ that tbf* t*'inp*Tatnrf 
of jff^neral (*pace is muiph nlmve ihf iib?*oliit<' wro, rxiinc'lud'rl ihut 
it must be derived from tlii? star-f, and bo oven went ao far iii to 
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asBcrt that the heat of the sbirs is fire sixths of that of the snn. 
Ho seems to have miscalculated through forgetting that a high 
temporatare can be bronght aboat only by a rise in the scale, 
and not by a mnltiplication of low temperatures. If the heat 
communicated by each star be 32°, then the heat of 10,000 stars 
will bo no greater than that of so many icebergs. 

The rate at which the earth cools in the presence of an un- 
clouded sky being once experimentally determined, wo are 
enabled to calculate the length of time which has elapsed since it 
began to cool down from a higher temperature. The knowledge 
already acquired of the power of radiation, together with the 
experiments made by Bischof on the rate of cooling of a globe of 
basalt two feet in diameter, warrant the conclusion that since the 
time when the temperate zone of the earth, which now has a 
moan temperature of 50°, had the temperature of the equator, or 
81°*5, there must have elapsed 1,298,000 years at least, besides 
the many ages during which the earth has since remained at a 
constant temperature. Fossil forms of vegetation characteristic 
of equatorial heot are found even far within the polar circle. 
They are memorials of plants which cannot have fiourished where 
their remains ore now found within less than a million and a half 
years or 15,000 centuries. Yet they belong to a recent period 
of geological time. Imperfect as our retrospect into the past 
must necessarily l>e, we are yet enabled by considering the cooling 
of the earth, to catch a glimpse of its past history, and view it 
with certainty, though from an imperfectly measurable distance. 

Tlie moon stands in some respects in strong contrast with the 
earth ; for it has no ocean, no atmosphere, no vapour nor clouds, 
and therefore is ever exposed to unmitigated solar heat, or to 
intvpsjmt and active radiation. It has been calculated that the 
?ide of the moon lacing the earth has, a few days after full moon, 
u maximum temperature of 7o(l° F. (40(>'C.), and again, soon after 
new moon, sinks to — 187^ F. ( — 1 22° C). The heat of the moon 
wnsiibly affect.^ the earth's atmosphere, though it does not reach 
thf ground : and since thorofore it has only the cft'ect of dissipating 
till* v.i]>onr tluit would screen the earth, it may, by intensifring 
niH'tnnial radiation. iX'ca.-jion a loss of heat. 

Tlie esirth thus sa5{)eiided between the cold of 5pacc and the 
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heat of the son, has a temperature depending on the comhination 
of these inflneDccs, and, as the one or the other of them pre- 
dominates, varies from place to place. Some points near the pole 
experience annually the low temperature of —70°. Others near 
the equator occasionally experience a summer heat of 130°. But 
on the earth collectively heat prevails. The zone that embraces 
30 degrees on each side of the equator, forms half of the globe ; 
and of this half all, save very high mountains, enjoys a decidedly 
warm climate. The land in this broad zone is clothed in luxuriant 
vegetation by the abundant heat, light, and moisture ; while the 
excess of warm oceanic vapours is wafted to less-favoured climes. 
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CHAPTER VIII. 

The Atmosphere — its Composition — Constancy — Incidental Oases. — Car- 
bonic Acid Gas — Vapomr— Law of Mariotte. — Atmoepheric Pressure. — 
The Barometer — Weight of the Atmosphere — its Height — affected by 
Temperatore — and by the Earth's Rotation — Periodical Fluctuations. — 
Table of Atmospheric Pleasures. 

IThe atmosphere (a name derived from ar/io?, breath or vapour, 
land <Ti^nupa, a sphere), or ocean of air enveloping the earth, is a 
jmixture of two gases, namely nitrogen and oxygen, in the pro- 
Iportion of 79*19 volmnes of the former to 20*81 of the latter, or 
N| in weight — 

^ Nitrogen 77 Oxvgen 23 

Pure atmospheric air being taken as the standard in measuring 
the dcnsitj' of gases, its specific gravity is 1 ; that is to say, it is 
the unit employed in ascertaining the specific gravities or com- 
parative weights of other gases. Nitrogen, though it enters into 
the composition of all organized bodies, is distinguished by its 
want of affinity or disposition to combine, and is the most abun- 
dant of all gases in an independent and uncombined state. It is 
the element which chemists can most confidently pronounce to 
be original and not a product. Oxygen, on the other hand, is 
the most active chemical principle in nature, perpetually circu- 
lating and entering into combination, being consumed by respi- 
ration or by combustion, and more slowly absorlwd in the 
decomposition of bodies and the oxidation of metals. In an 
atmosphere of pure oxygen gas, vital action would go on so fast 
as to terminate in an instant, destroyed by its excessive energy-. 
The pure gas, instead of feeding and prolonging the existence of 
flame, would explode at its contact, so that flame and atmosphere 
would be extinguished together. But intimately mixed with a 
gas of neutral or negative cliaracter, and which preponderates in 
tiie ratio of nearly 4 to l,tbe oxygen has \\a vivacity moderated. 
Its particles, separated and caged like the flame in the safety- 
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lamp^ go forth to tictioD in single tile, and not in phalanx ; and 
thus the power whit-b, left to itself, would be expended at once, 
ie rendered stedfast and continuous. Nitrogen, called dso azote, 
in thus diluting the oxygen of the atmosphere^ serves a moat im- 
portant purpose, and at the same time contributes to the material 
of all organized bodies, though chemists are still unable to trace 
ii^ course or detect its mode of combination. They assmiip, 
however, that plants have the power of abatracting nitrogen 
directly from tho atmosphere, restoring by their decomposition 
what baa thus been taken. The circulation of oxygen and the 
repair of its consumption are chiefly efiected by vegetation, the 
green leaves of plant^i having the power, with the aid of light^ of 
decomposing the carbonic acid couveyed in water to the rootn, 
of separating its olements, and of giving off the oxygen gas thus 
liberated, while they retain the carbon- 

These two gases, being not chemically combined but merely 
mixed together in the atmosphere, are free to enter into combi- 
nation with, otlier bodies, and since oxygen is largely consumed 
by all that breathes, livea or bumi^, it is mitural to suppose that 
the quantity of" it in the atmoj^phere is liable to local fluctuation. 
Yet, owing to the great extent of the atmosphere and the rapid 
difinsion of gases^ thi$ fluctuation lies witliin sncb narrow Umils 
as to escape ordinary observation. Air taken froju the open 
atmosphere on land or at sea, on desert plains, mountain-tops, or 
popnlons cities, collected in deep mines or brought down by 
aeronauts from above the ciouds^ is found to be ever^'where aj)- 
preciably the same. Tho expert chemist alone can detect soni<i 
slight changes in its composition. Water absorbs atmospheric 
air with a preference for its oxygen ; and consequently tho air 
discng:igcd from the sea or from rain contains 32 int«tead of 23 
parts in a hundred, of the latter gas. When the ocean is com- 
pelled by increased temperature to give up some of its imprisoned 
airj which is estimated to amouut to about a 300th part of the 
atmosphere, it restores the full proportion of the nitrogen al>- 
fciurbi^dj but only a part of the oxvgen. Of thf latter it takes 
from the atnioiipbere more and gives back less than a fair share ; 
and hence the deficiency of oxygen immctUately over t]ie sea 
somctimcp ^mounts to a fifth per cent* 
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It is a peculiar characteristic of gases that, though Mastic and 
resistant to solids and fluids, they are mutually penetrable, and 
when mixed together diffuse themselves through one another 
with more or less speed according to their density, ultimately 
comporting themselves each as if the o&ers had no existence. 
If a light and a heavy gas be tiirown together, they do not ar- 
range themselves according to weight as oil on water or water 
on sulphuric acid ; but the light gas goes to the bottom and tho 
heavy gas to the top, in the same proportions as they would 
separately have exhibited. If two vessels containing different 
gases be made to communicate by a glass tube, the gases will be 
found in a short time completely intermixed. But if they differ 
in density they will differ also in the power of diffusion, the 
activity of the lighter gas surpassing that of the heavier in the 
inverse subduplicate ratio of their densities. Thus oxygen being 
sixteen times as heavy as hydrogen, the latter will diffuse itself 
with four times the speed of the former ; and a piece of fine 
membrane fixed in the tube connecting them, while it will not 
hinder the diffusion, will show by the convexity of its surface 
towards the oxygen, the superior pressure of the current from 
the opposite side. From this it appears that the union of oxygen 
in the atmosphere with a somewhat lighter gas is not without a 
purpose ; for, on account of its greater density, it must always 
follow the nitrogen in diffusion, and can never, therefore, escape 
from that state of dilution which so much enhances its virtue. 

From what precedes it may be concluded that, if we had before 
us columns of equal height of two gases differing in density, we 
should find the column of heavier gas more compressed at the 
base, and decreasing upwards in density more rapidly than the 
lighter gas, and also that if the two gases were mixed together 
the distinct internal arrangement of each of them would remain 
as thus described. Hence it follows that oxygen, being the 
heavier of the two gases in the atmosphere, must be relatively 
more dense at the lower level and less dense at great altitudes ; 
and this seems to be countenanced by the observations of M. 
Boussingault at different elevations, which gave the following 
results : — 
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IIaf,'hl. O^jgoB. pec ceul. 

At Bogota SU04 foot iO-Gb 

Ibuqm- 4345 „ 20'70 

Mariquitu ... 1797 „ 3077 

Mixed with atniosphpric sir in coraparativo niinute quantities 
ure two other gases aot less notxidsaiy tur vi'getjiblo life than thoao 
already ruontioiied, though muyh less voluminous, bt'ing required 
only for tho maintenance of solid strncture^ the particles ol' wliichj 
iiLit hiding fleeting and in over rapid cireulatiouj are mora <'aaily 
supplied. Thotio nro carbonic acid gas and aniuiania or hytk'ato 
of nitrogen. All the woody iihre and fUl the fecula or nntritious 
substance of plants aro furnished to them from these two gasea, 
chiefly by means of the atmoephere- The propoi'tion of carbonic 
aeid gas ordinarily found in the air is about 4 parts in 10,000 ; 
but it varies con.siderab]v, being less in winter than in sirmnier, 
nud on Jnnd Ivss by day than at night. These fluctuatioua are 
attrihutiible to the aherQating processes of vegetation. At sea, 
the nueturnal ab-sorjitjon of gases by the water and their subae- 
t|uent disengHgement by the beat of tho suu reverfies the course 
of variation, and the carbonic gae is more abundant by day. 

That this, the heaviest of all gases, ils speciKc gravity heing 
1*524, should be i'ound disproportionately abtmdant at great 
elevations and even above the limits of vegetation, is a reniark- 
able fact, first observed by De Sansscre, and since confirmed by 
Hchla^iutweit. The latter found the proportion of carbonic 
acid on the flanks of Mount Itosa, at a height of 10,41b feet, to 
vary from 5*9 to 9"5 per 10,000. This hitherto unexplained ex- 
cess of a heavy gas at great c-Ipvations will cease to appear mar- 
vellous when it is considered that carbonic acid gas continually 
dpposited from tho clouds can accumulate only where there is 
notbing to consume it, and that it is found in abuutlanco not at 
gieat altitudes generally, but only on the flanks or summits of 
niomitains, where it has fatlen above the limits of vegetation. It 
is true that on the highlands of New Granada carbonic acid gas 
has been found to form 12 parts in 10,000 of the atmosphere, in 
Esperanza 25, and in BogotA even 4^ parts^ or twelve times the 
ordinary amount. This remarkable excess, howeverj ig probably 
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due to volcaiiie extmlatioaS; or nitlier to the burning tlowii; of 
forests, called by the Spaniards " las quemas," practised in those 
countries in tlie dry season. Air containing a tenth part of car- 
bonic acid gas destroys life iustantaueously ; a much less propor- 
tion of It suffices to extiuguish flame and senQoslj impede respi- 
ration. 

Ammonia can be detected in the atmosphere only in combina- 
tion with carbonic acid gas (that is to say, as a carbonate), or^ 
after thunder-storms, as a nitrate. "VTherever atmospheric elec- 
tricity is much developed and liglitniog frequentj there the walls 
and bare ground are sure to be covered with nitre. But in rain, 
snoWj and trost, anunonia appears in comparative abnndanee, and 
particularly in fog, to which it often imparts a disagri-oablu 
odour. The proportion of it in the atmosphere cannot be esti- 
mated at more than a millionth. But little as this may aoemjit 
is found on calculation to he amply ftufficient. The atmosphore 
owes its supply of ammonia to the decomposition of organized 
bodies, and its carlwnic acid gas ako to decomposition, respira- 
tion, the exhalation of plant*, and the subterranean Muroes, 
whence the gas reaches the surface either through volcanic fis- 
sures or by means of spring. For einoe water invariably absorl>s 
its own volume of the gas^ the latter is taken np in greater quan- 
tity the greater compression it has undergone ; and consequently 
the deeper the source whence it issues the more is the water 
surcharged with gas on reaching the surface. 

Besides these two gaaea there is always mixed with the atmo- 
sphere more or less of aqneoug vapour, a most important addition, 
the nature of which shall be fully trc^at*!d of fui-ther on- Ht-n* 
it will l»e soflieient to remark that the carriuce and ditfusion of 
aijaeous vapour may be reckoned among the chief tiuictious of 
the atmosphere ; for withont it the earth would be an arid waste. 
The projiortion of vapour in the atmosphere at any time varie-s 
■according to the temperature and other circnmstaiKws. Witli 
the thermometer at bO* Fahr., and in sunshine, it may amount to 
a thirdelh part iu weight ; but \t;* unstable nature is the chief 
can-^e of the fickleness so often imputed to the skies. 

Boyle was the first to make known the law regulating the 
elnsticitTr' of the air, a law subsequently extended to all gasos and 
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now named from Mariott«, who unnounceJ it to an attentive 
public in distinct and adequate terms, viz. that the density is 
always proportional to tlie sustaincHi pressure. Frum tlii& it 
Ibllows that, tbe density being inversely as the volume, the air 
under Jouble the pressure of the atmosphere would have double 
its ordinary densJtyajid only half of its ordinary volume. Under 
three atmospheres it would be reduced to a third of its volume, 
under a hiinib-ed atmospheres to a hundredth part, and so on. 
There ia no reason to Ixdieve that atmo?^pheric air can, by any 
praeticabJe amount of pressurej be rodut!ed to the fluid or solid 
state. We might therefore conclude that it will bear without 
essential alteration any degree of conipregsiony and that this 
bein^ removed it will return at once to its original volume — and, 
on the other hand, that it ia capable, if all pressure be withdrawn, 
of dilating to any estent. But recent invea ligations show that 
Mariotte s law is strictly correct only within cf^rtain limits, and 
that under extreme pressure the resistance of the atmosphere ia 
disproportionately increased. As to interminable rarefaction, it 
supposes also a continual production of sensible heat, which is 
wholly incompatible with what wo kuow of the upper re^ona 
of the atmosphere. It is ob\ions, however, that since the air 
yields to pressure, gaining in density as it losea in volume, its 
density must decrease continually from the ground upwards aa 
far as it retains the properties that characterize it at the earth^a 
surface ; for the pressure at the ground 13 that of the entiro 
atmofiphere, but as we as.cend we shorten the incumbent column 
of air, which is lighter than the whole, not only because it is but 
a part of it, but also because its collective density decreases in 
the same ratio as it^ length. The atmospherie pressurej therefore, 
depending jointly on the height and on the densily of the incum- 
bent column, both decr^;asiiig upwards in the same proportion, 
varies in the inverse duplicate ratio of the altitude, or, in other 
term:*, decreases as the square of the altitude increases. 

Of the pressure! of the atmosphere wc havo obvious proofs. If 
a glass tube, AB (tig. 02), about 3 feet long and closed at one 
end, A, be tilled with mercury and then inverted with the open 
endj B, in a basin or other vesisel, C, of the same fluid, the mer- 
cury in the tube held vertically, n-ili descend a few inches, leaWng 

I 
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a vacumn above ta that extent^ and will atand at tlie 
height of about 30 inches above the surface of the 
mercnry in the basin, beinjif sustained entirely by 
the presfiore of the atmosphere on that surface. The 
tube thus containing a colnmn of mercury supported 
nnder a Tacumn of atmospheric pressure, is the baro- 
meter in its simplest form. "Water may be rais&l to 
the height of about 34 feet by withdrawing the air or 
creating a vacnum above it by mean» of pistonj^ with 
valves. This ia dono more or less perfectly by tho 
ordinary pump. A water-barometer may therefore 
be made, having about 3(j fe^t length. But the 
superior weight of mercnry allows the length of the 
instrument to be abridged. Thus it appears that a 
colnmn of 30 inches of mercury, or of 34 feet of 
water, weighing 14*7 ibs. on the square inch, is able 
to counterbalanoe the whole pressore of the atmo- 
sphere. Hence it has been inconsiderately inferred 
that the bnman body enstains, without perceiving 
itj a constant weight of nearly lb tons. This int- 
menso weight, however, exists only in fayacious 
language. A man supports weight by musouJar ex- 
ertion ; bat the atmosphere exacts from him nothing 
of the kind. It does not press him downwards, but 
compresses his body equally in all direetiorss, from 
below as well as from above, intemaUy and externally, 
filling his lungs and giving firmness to the cellular tissue of 
which he is formed ; and this compression is obviously as indis- 
pensable for his stability and strength as bone and muscle. A 
balloon might bo, and perhaps has been, made with a eurfacu 
equal to a thousand limes that of the human body ; but we should 
not be justilied in saving that such a balloon riijing in the air 
would support a weight of 15,000 tons* 

Dry air at the temperature of 60* Fahr. and nnfler a baro- 
metric pressure of 30 inches, is lighter than water in the ratio of 
1 to 823, and than mercury in that of 1 to 10,5l3'O. A hundred 
cnbic inches of it weigh 3(>935 grains. Hence it is easy to cal- 
ookte the heigbt of the column of air that would counterbalance 
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30 inches of mercury ; and we find that a. colnmn 26,220 feet, 
or very nearly five miles high, and having throughout the density 
of the air at the eartVs surfjioe, would be exactly equal in weight 
to thp actual atmosphere, which, aa it continually decreases in 
density upwards, must reach an altitude far exoeediug that just 
stated. The hj-|>otheticaI, or as it is commonly called the homo- 
geneous atiuosjihero of uniform density may he repreaeut-ed by a 
column, HS, with parallel sides (fig. 63), 
and therefore of equal breadth through- 
out, the breadth of the column repre- 
senting the density of the air. But the 
cohunn A L that represents the real 
atmosphere must bo bound&d on one 
side by a hyperbolic curve, constantly 
approaching the other siide, but never 
meeting it. Thus it might be concluded 
from the expansibility of the air that 
the atmosphere has no limit. But it is 
more prohahlo that the cold consequent 
on extreme rarefaction deprives it of 
its elasticity and forbids its further ex- 
pansion. In the homogeneous atnio- 
syihcrp the pressure of half of the atmo- 
sphere would of course be found at half 
ite height, or 13,110 feet (nearly ^ 
miles) ; but in reality the barometer 
stands at 15 inches at tho altitude of 
1K,500 feet, or a little more than 3* 

miles ; so that, supposing the whole height of the ntmo- 
spere to be 35 miles, the lowest tenth of it equals in weight the 
other nine tenthfl. Fig. 63 represents tlio lower half of the atmo- 
sphere, divided into part", each counterbalancing an inch of 
mercury. 

Dry air dilated by heat loses density and weight ; hut ita elas- 
ticity increases, and its power of occupying space is not dimi- 
nished. Colder and heavier air may creep in at the base of tho 
heated column ; but becoming itself heated in the warm region, 
it loses the invasive power of superior weight. Consequently 

i2 



116 FHYSICAL OEOORAPHT. 

a wide extent of heated atmosphere over a drr region does not 
easily give way to the weightier air that surrounds it. But if it 
covers water the case is altered ; evaporation takes place, the up- 
rising vapour carries air with it, and an ascending current is 
estahiished ; the heated air then gives way to the pressure 
directed towards the ascending current. 

Let it be observed that while the mercury in the barometer 
rises or falls as pressure changes, it also expands or contracts 
with change of temperature ; thus the effects of atmospheric 
pressure and of temperature are blended together in the height 
of the mercurial column ; and if we would conclude from it the 
amount of the former, we must correct it by subtracting what 
is due to the influence of the latter. This is done by reducing all 
observations of the barometer to a common temperature (32° 
Fahr.) — ^that is to say, by deducting from the height of the mer- 
cury when above, or adding to it when below the freezing-point, 
the amount of dilatation or contraction respectively due to the 
difference between the standard and the observed temperatures. 
Thus, if we would compare an obsen'ation of a barometer at 
28° with another at 60°, we must add to the mercurial column 
in the former case the dilatation caused by 4° Fahr., and must 
deduct in the latter that due to 28° Fahr. The mercurial 
columns thus corrected represent the effects of atmospheric pres- 
sure, and nothing else. 

Since the pressure of the atmosphere decreases upwards in a 
geometrical ratio and may be measured by the barometer, it 
follows that observations of this instrument made at different 
elevations (at places not so far asunder as to exclude the suppo- 
sition that the obser\'ations were made trnder like atmospheric 
conditions) furnish the means of determining the difference of 
altitude between those points, and consequently the absolute 
elevation of one, if that of the other be known. Thus if one 
observation be made at the level of the sea and the other on the 
summit of an adjacent mountain, the absolute height of the latter 
may be determined. For if we suppose the column of air em- 
bracing the two points to be divided into strata by equidistant 
planes, these strata will present a geometrical progression of de- 
creasing pressures, of which we know by obser\-ation the first and 
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Ilerms ; and if we know also the ratio of decreasing pressure — 
say, for example, -^ of an inch (or as 300 to 299, the barometer 
at the level of the sea behig supposed to ^tand at 30 inches) 
for 87"5 feet — we may deH:luee from these data the sum of the 
strata or the diHerenci.' of altitude between the two points. Care 
must be taken to coiroct the barometers for difference of tempe- 
rature ; and since gravitation above the earth'^s surface decreases 
ite the square of the di:^ta]ice from the earth*8 centre increaaea, a 
further correction must he made for this inequality. 

At the distance of little more than 22,000 uiiles from the 
earth's surface, the centrifugal force generated by the rotation of 
the globe on its axis is eqaal to its attraction. At that distance, 
fhetefore, the atmosphere, if it reached so far, could no longer be 
retained^ but would flow off to be again attracted, it has been 
suggested, by the moon, sun, or planets. Yet there seems to be 
some contradiction in supposing that what has escaped from one 
rotating body can be caught by another. The chief bodies of the 
&olar syst^-m, as they all rotate, are all eneirded by lines, at which 
centrifugal force nullifiep gravitation. The dissipation, howe^'er, 
and loss of the atmosphere would inevitably ensue were its 
dila^tion unlimited. It is more reaisonable, therefore, to suppose, 
with Dr. Wollaston, that extreme cold deprives it of elasticity and 
sets a limit to its rarefaction. But to determine on theoretical 
grounds the distance at which the atmosphere comes to an 
end is a diflicult problem. Plausible calculations assign for 
its height at the equator and poles regpectively 35 and 27^ 
miles. 

The experimental means of soMng the problem connected with 
the height of the atmosphere are extremely scanty. The Arabian 
astronomer, Albazen, was the first who watched the last gleams 
of twilightj in order to calculate from them the height whence 
the light was reflected to the earth. Proceeding in the same way, 
Kepler, Delabire, Larabert, and others have asjsigned to the 
atmosphere heights vanning from 50 to 30 miles* But these 
attempts, made with inadequate knowledge, to determine its 
upper limits by observation of reflected lights have generally 
erred by assnming that the light is seen after a single reflection ; 
whereas light may be often traced in the heavens after several 
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refiecticna. M. Biot, the disciple sod friend of Laplux, caa- 
dadedj from a long study of the phenomena of twilight, that the 
greatest height irom which light can be reflected by the atmo- 
sphere is 43,000 metres, or 26*7 miles ; but while thns stating 
the highest assignable limit, he plainly intimates his belief that 
the reflection ordinarily takes place much lower down. 

But it mnst not be supposed that the height and pressure of 
the atmosphere are strictly constant. The ocean of air is rarely 
free from wares and cturents ; and consequently the mercnrial 
column in the barometer, affected by this agitation, Taries fre- 
quently in height, though ordinarily within narrow limits. la 
the latitude of 51° N,, at the level of the sea, and the temperature 
of 32" Fahr., its mean height is 29-92 inches ; at 62° Fahr. 
30-012 inches. In Paris, where (in latitude 48° 5<y 13") there 
is a slight increase of pressure, its ordinary height is 30*04 
English inches, or in French measure 760 millimetres. It is 
usual, therefore, to assume that the ordinary height of the 
barometer is in round numbers 30 inches. In these latitudes its 
fluctuations often extend to half an inch, and occasionally, in very 
stormy weather, exceed 2 inches. Taken all over the globe, 
they go to the extent of 3 inches, thus showing a variation, gene- 
rally transient, of one tenth in the pressure of the atmosphere, 
^e barometer may rise in fine cool weather to 30*5 inches, and 
it may fall in violent gales to 27*5 inches. ^Iien a column of 
air contracts in cooling and sinks, air flows in upon it from 
around, so as to presene the level of the atmosphere. An 
addition is thns made to the cooled column and its weight is 
increased. Wherever a deficiency of atmosphere, indicated by a 
low barometer, exists, an influx of air, that is a wind, rushes 
towards it A low barometer, therefore, precedes wind, and 
continues till, the disturbance being over, the equilibrium of the 
atmosphere is restored. Hence the barometer is high in calm 
and cool, low in warm and windy weather. 

Since the pressure of the atmosphere depends to some extent 
on temperature and the quantity of vapour diffused through it, 
it undergoes periodical variations, connected vaih the phases of 
the snn*s daily and annual course. The daily variation of the 
barometer was already detected in the 17th century ; but a long 
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course of obsprvation was required to establish precise concla- 
Bion?* In freneral thp baromoter is higliest in the morning and 
evening, lowest at noon and at night, or in the early morning. 
The hours of change Taiy with place and season ; but the mean 
tunes are aa follows : — . 



Morning inininmni 3 45 a.m. 
„ maximum U 37 ., 



Afternoon minimum 4 5 P.M, 
Evening maximum 10 11 „ 



Since the barometric column rises and falls inversely as tempe- 
rature, it might be noturnlly concluded that it woitld be lower by 
day than by night- But whence coines the double change, the 
rise in the morning and evening, the faU at noon and after mid-- 
night? To explain this, attention must be directed to the two 
Components of tho atmosphere, viz. dry air and vapour,, both 
affected by heat, but ditl'erent-Iy in degree and manner, bo that they 

finterfpre with and modify each other's action. As the sun's heat 
increases in tbc forenoon the air grows lighter, and the vapour, 
also lighter than air, ascends with a rapid current ; the baro- 

isaeter therefore falls, till in the afternoon, the heat abating, the 
TapoTir loses its support, the air contracts, and a downward pres- 
sure takes place, which reaches its maxininm abont two hours 
before midnight. The vapour then falls to the ground, and ita 
weight is withdrawn from the atmosphere. This occasions the 
morning minimum. Bnt soon after the vapour is again called 
up, though little rarehed, the air and ground being still cool ; and 
to its ascent is due the morning maximum of the barometer. 
The hours of the daily barometrical variation change with the 

tfleason. As the day grows longer, the morning maximum grows 
later ; the afternoon minimum earlier. From the important 
part played by vapour in the&e changes, it will bo re-adily under- 

FStood that where it is deficientj the double daily fluctuation djfr^ 
appears altogether, as at Nertchinsk in Ea.?teni ^iberia^ and also 
where itis invariably abundant, in the zone of perpetual rain. The 
accumulations and vicissitudet) of vapour are greater near the earth 'a 
surface ; and consequently places at great elevations experience 
its influence only in a modified dngree. Thus the summits of 
the ffigi and Faulhonj in Switzerland, compared with Zurich, 
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those of the Great St. Bernard and the Brocken compared respec- 
tively with Geneva and Haile, show a tendency to suppress the 
doable fluetaation and to vary nith a single maximum and mini- 
mnm in the twenty-four hours. But these exceptions to the 
general rule are observed only on heights adjacent to low country, 
and not on extensive elevated plains, as those of Bolivia and 
Mexico. 

^e daily periods of the barometer are easily observed near 
the equator, where they are so regular that the time within a few 
minutes may be learned from the changes, though extremely 
minute, of that instrument. But in high latitudes they are less 
plainly marked, and so overlaid with freqnent incidental changes, 
that they can be detected only by the careful study of a long 
series of observations. In Cnmana (lat. 10° 27' 52'' N.) the daily 
amplitude is one tenth of an inch, in St. Petersburg hardly a 
hundredth. Between the tropics it decreases in the rainy season, 
elsewhere in winter. 

The yearly periods of the barometer are everywhere too feebly 
marked to be easily discerned in the midst of nnmerons non-pe- 
riodic changes, and can be learned only from a long series of 
careful daily obser\ations. Yet attention was called to them by 
Pascal in 1658. Throughout the greater part of Europe, except- 
ing on high mountains, there are two annual maxima (one in 
winter, the other at the beginning of antnmn) and two minima 
(in April and November respectively). The two maxima are gene- 
rally equal, though towards the north and west that of summer 
predominates ; but towards the east and wherever the oceanic 
climate gives way to the continental, the winter maximum be- 
comes superior. This character begins to show itself in Mecklen- 
burg. Thence eastward and southwards constantly increasing, 
it extends over Siberia, China, and Northern India, embracing 
also Syria, Arabia, Abyssinia, and probably a portion of Northern 
Africa. Throughout this wide and collectively dr\' area the 
barometer falls from winter to summer, and much lower than in 
any other part of the earth. In Europe generally, high moun- 
tains excepted, the annual amplitude of the barometer does not 
exceed two French lines ; at Greenwich it is 2'58,at Manchester 
2*59. But in Asia the depression from winter to summer 
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amaunts at Bamaoul to 7-36, at Yakutsk to 7*81, Udskoi S'SfJ^ 
Peking t»'72, Cnnton r)'85, Benares 6'57, Calcutta G*fi3, Icplanr], 
on tiie contrary, shows a barometric maximum in simimcr ; ami 
this peculiarity^ is still more strongly marked in Sitka, on the 
N.W- coast of America, Greenland and th^ Arctic Archipehigo 
Seem to follow the same law. In the Southern hemisphere the 
atmospheric pressure seems to bo loss than in tht! Korthtrn, 
owinjr perhaps to the greater amount of vapour, where there ia 
so much ocean to furnish and no land to condense it. In the 
same hemisphere the Isobaric lim^s (that is to aay, the lines mark- 
ing equal pressures) are not irregularly contortcil as in the 
Korthern, hut, being little interfered with by land, lie nearly in 
the !*ame direction aa parallels of latitude. 

The atmosphere being fi-om its mobility and position more 
under thi^ influence of centrifugal force, is more oVilate than 
the solid globe withui it, and is therefore much higher at the 
equator than at the poles ; bat its pressure does not correspond 
with its figure. The heat about the equator, and the ascending 
current of air in the equatori:tI zone of rains and calms (to which 
attention shall he directed further on), counteract in that quarter 
the eft'ect of its height. Consequently the pressure of the atmo- 
sphere is greatest at a distance of 25"^ or 30° from that zone on 
both sides. A great accumulation of air 
over those latitudes is the conj^equencc of 
the tendency given to the atmusphero by 
the earth's rotation to flow towards the 
equator. On the meridian, PE (fig. ()4), 
take the points A, B^ C, D, F, dividing the 
whole quadrant into area of 1.5", and from 
these points draw the perpendiculars A a. 
BA, ifec. Draw also the rays OA, OB, 
O Cf &.C. ; and to these from tho points 

o, bf c, &c, draw the perpendicnlari«n^^6A, rj, &.c. Wobave thus 
BO many right-angled triangles, F/; OBd, O C r, &c., in which 
ttie rays O F^ U, DC represent gravity, the perpendiculars 
F_/J D(i, Cff &c. the rotatory forces. But theas latter may he 
decomposed, Aa into tzff andyA, B6 into Bh and A*, Cc into 
cJ^jC, &Q.f aff, fj/ij and cj representing those components of the 
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rotatory forces which are horizontal at the points A, B, C, and 
directed towards the equator ; while f^A, AB, and^'C represent 
the centrifngal forces at the same points opposed to gravitation 
and extinguished by it. It is obvious that while the rotatory 
force varies as the sine of latitude^ the horizootal component of 
that force increases from the pole to lat. 45*^, where it attains its 
maximum (cj)j being equal to the centrifugal force, and thence 
again decreases towards the equator. Hence it is evident that the 
rotation of the globe tends to heap up the atmosphere between 
lat. 45" and the equinoctial line. The barometric pressure over 
and about the equatorial ocean is exhibited in the following Table, 
drawn from the observations of Captain Beechey : — 

Lat. K. fior. inches. Lst. S. Bar. inches. 

0- 5 29-895 0- 5 29-918 

5-10 29-929 5-10 29-971 

10-15 29-954 10-15 30*013 

15-20 30-005 15-20 30-037 

20-25 30-022 20-23 30-040 

According to Schouw, the barometer at the equator stands at 
29-92 inches, in lat. 30* N. at 30-24, and then declines till in bt. 
50" it again comes to 29-92, and in lat. 65°, near the polar circle, 
sinks to 29°-57. Thence to the pole it is thought to rise ; but 
this is doubtful. At a distance from the tropical zone the baro- 
meter is inconstant, and a greater niunber of observations than 
have vet been collected are required to determine the variations 
of its mean height along a meridian. 

An aeronaut of great experience (Mr. Green) informs us that 
the barometer, when it stands on the ground at 30 inches, will 
fall at the height of 

1 mile to 25 inches. 

2 „ 21 „ 

3 » 17 „ 

3i „ (18,480 ft.) 15 „ 

4 „ below 14 „ (13-9). 

This, though not precise, cannot be far from the truth. 
A. Schlagintwcit, on the Himalaya, found the barometer to stand 
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at 15 indies (indicating half the weight of the atmosphere) at 
an elevation somewhere between 18,600 and 18,800 feet. At 
the height of 22,200 feet, according to the same traveller, it 
stood at 13*364 inches, about ^ of the atmosphere being still 
above it. 
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CHAPTER IX. 

Water — its Compositioo — its Metamorphoses and cbange of State. — Dilata- 
tion and Contraction. — Specific Gravity. — Wonderfid TransfonnRtions. 
— Aqueous Vapour. — ^Table of ETsporation — its Conditions. — Tension 
of Vapour. — Saturation — how Measured. — Humidity unequally dis- 
tributed over the Globe. 

Water is the protoxide of hydrogen, or the product of oxygen 
and hydrogen chemically combined in the proportion of one 
volume of the former to two of the latter. The weight of a 
volume of atmospheric air being taken as the unit of measure, 
that of an equal volume of oxygen will be 1*1057, and that of 
hydrogen, the lightest body known, 0"0692. Estimated in 
weight, therefore, 8 parts of oxjgen and 1 of hydrogen make 9 
of water. But the water thus produced equals in volume little 
more than the 2000th (strictly the 1964th) part of the gases 
producing it. The union of the gases is effected by their com- 
bustion in a close vessel. Mixed together in due proportion, 
they may be kindled by an electric spark. The same two gases 
which unite to form water will, when made to issue from a 
single jet in like proportions, viz. two volumes of hydrogen and 
one of oxygen, bum in the air with the most intense heat. 
Platinum; pipeclay, and other substances which resist the heat 
of the strongest furnace, melt at once in the heat of the oxy- 
hydrogen blowpipe. In this case, oxygen, being supplied by the 
atmosphere also, is in excess, and the gases are wholly consumed. 
At 60° Fahr. the weight of water is 816 times that of air. 
Distilled or perfectly pure water at the temperature of its greatest 
density (39°*34 Fahr. or 4° C.) furnishes the unit of density of 
all bodies ; its specific gra^ty therefore is 1. 

Water clianges its state and becomes fluid, solid, or gaseous with 
comparatively moderate changes of temperature and pressure. 
It dilates with increase of temperature from 39°- 34 Fahr., expand- 
ing at the rate of about one 612th part of its volume for every 
degree of the Fahrenheit scale. Under the ordinarj- barometric 
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pressure (30 inches) it boils at ^l^"^ Falir., though its ebullition 
may be retarded a little by the nature of the vessel employed. 
Wht-n made to boil, it vaporizes not merely from tiie surface, but 
from the; bottom and throughout, the efaullitiou being caused bv the 
discharge of the ste-am into which the water is convorted. The 
position of the boiling-point dtipimds on the combined heat and 
pressure. It would rise to 2i0° if the atmospheric pressure were 
doubled, and it would fall to 67° if that pressure were altogetior 
removed. 

A& water dilates when heated, so it contracts in cooling, till at 
39'^'34, or nearly 7^ above the freezing-point, if fresh jvnd pure, 
it attsiins its greatest condensation. This temperature in a 
natural con.atant of groat unpurtunce, fixing, as already stated, 
the standard unit of density of fluids. Bellow as above that point 
water dilates at a uniform rate ; so that at the temperature of 
30° Fahr. it bus the same volume as at 42°'08 Falir. 

With increasing coJd it continues to dilate, till at a tempera- 
ture generally a little below 3^° Fahr. it congeals or becomes 
solid. In undergoing this change 142 degrees of hpiit are 
apparently wrung from it, being really produci-id by the force 
of contraction : and tho 3ame amount of heat must bo afterwards 
expended on the ice to make it melt. Water seldom freezes 
inunediately at the temperature of 32% or the freezing-point as 
it is called. It may, when perfectly still, be cooltd tlown to 20° 
(or even,, it is said, to 5°) without congelation ; but the slightest 
vibration suilicc^s in this state to cover it with a pellicle of ioe. 
In the act of congelation it gives out heat and fixes at the 
temperature of 32° Fahr., at the i^ame time undergoing a sudden 
expansion far exceeding that incidental to the fluid state. The 
force with which this expajision takes place is enormous. Strong 
iron shells filled with water and carefully closed are burst and 
scattered in fragments by the freezing of their contents. It has 
been calculated that the force exerted in the act of freezing by u 
ball of ice one inch in di.imeter is equal to the presj^uro of 
22,00[)lbs. But it seems probable that the txpanaive force of 
Congelation is equal to the compressing force necessary to melt 
ico ; and it has been found that ice may be melted iastantaneously 
hy a pressure equal to 13,000 atmospheres, or IDOjOOQ lbs. on the 
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square inch. The water of ice thus forcibly and qmc^y melted, 
has a temperatore of— 4° or 36° below the freezing-point 

The specific gravity of ice, nnder the ordinary atmospheric 
pressure, is 0*916, that of water at the temperature of the greatest 
density being 1. Consequently ice is lighter than water, and 
floats in it with nearly a tenth of its volume above the surface. 
Water is believed to be in some degree compressible, and to 
yield to the extent of about 51 millionths, X>r a little more than 
one 20,000th part of its volume for every atmosphere added to 
the pressure. At the depth, therefore, of 34,000 feet, or nearly 
6i miles, the water of the ocean deep, supporting a pressure of 
1000 atmospheres, would lose by compression a twentieth of its 
volume. 

It follows, from the manner in which water is afiected by 
temperature, that when it becomes cooled at the surface and 
thereby condensed, it must sink and give way to warmer, less 
condensed, and therefore lighter fluid. Thus a vertical circula- 
tion takes place, the t^mled water sinking and the warmer rising, 
till by the continuation of the process the temperature of greatest 
density, or 39°* 34, has been established throughout, and this done, 
the circulation ceases. The water at the surface being then no 
longer heavier than the water beneath it, has no inclination to 
sink, but remains to congeal and float as ice. Thus the entire 
congelation and conversion into ice of a deep body of water is 
rendered so difficult as to be in fact almost impossible. For the 
preliminary condition, the cooling of the whole body of water 
requires much time, more perhaps than a single winter ; and 
when a crust of ice has been formed on the surface, circulation 
beneath it being at an end, external cold can penetrate but a 
little way. All the local ice of a hard winter disappears in 
spring in a few days. 

Among all the wonders of nature, there is nothing so wonder- 
ful in all respects as water. It takes many forms, and in all 
serves the most important purposes. We learn with astonish- 
ment that charcoal and the diamond are the same in substance, 
though so unlike in appearance. But how much more astonish- 
ing is it that water should be formed of the same two gases 
which in like proportions feed the fiercest flames. Water takes 
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the solid state to check the progress of cold ; as a fluid, it covers 
three fourths of the globe, aod forms the great highway of 
nations ; as vapour^, it Hoats or flies in tho clouds, and scatters 
its benefits over the earth- It is the graeral solvent. There is 
no Ute without It. The vegetable world is nourished entirelj by 
watery solutions ; and every plant consists to a ^eat extent of 
water. It enters in like manner into the bodily strueture of 
auimals, and forma nearly four fifths of human blood. 

While water dilates with increasing heat, it also manifests ita 
loBS of iCoh^sion by inoreased evaporation, or the escape of its 
particles from the surface in the form of vapour. This change 
rapidlv advajicos with heat, till at the temperature of 212° or the 
boiling-point, the formation of vapour ceases to bo confined to 
the surface. Largo volames of vapour, at the highest tempera- 
ture (and in this condition called steam), then risw from the Iwt^ 
torn of the vessel (where the heat ia greatt-'st), and^ shooting up 
violently, throw the water into that tnrhnlent ajjitiition called 
ebullition, or boiling. Bbnllition exbilnta in the most energotic 
manner the conversion of water into vapour ; but for this pur- 
pose compulsion is not ab.'iohiteiy necessary. The evaporation of 
water takes place at all temperatures ; even the coldest ice givea 
off some vapour j and the rapid wasting of snow during a hard 
rroyt cjiu hardly escape ohaervation. Water, in lact, is always 
dii^posed to imbibe heat and go off in the gaseous form. The 
three voliunea of gas combined in water, viz. one of oxygeu and 
two of hydrogen, form two volumes of aqueous vapour, which, as 
a transparent gas, is lighter than atmospheric air in the proportion 
of C25 to ItMXt. In undergoing this change, each particle of 
water absorbs as much heat as would suffice to raise the tempera- 
ture of 960 such particles one degree Fahr. In truth aqueous 
vapour is a tenipor,iry rpseri'e of beat, and might perhaps be as 
justly deemed a form of heat as of water. Hence it la obvious 
that evaporation is a cooling process, since it is attended with 
great abstraction of heat from the surrounding meditini. In- 
crease of temperature, wherever water is present, is sure to be 
followed by a still greater increase of evaporation. The presence 
of water, therefore, tends to moderate heat. In order to follow 
aqueous vapour through the whole course of its circulation, it 
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will be necessary to consider it under the heads of evaporation, 
tension, saturation, and precipitation, which last, as being the 
extinction of vapour, and concluding its history, shall be treated 
of further on. 

We cannot tell of evaporation, any more than of temperature, 
where it begins. The air may be comparatively dry, but it is 
never quite free from vapour. Ice at the lowest temperature 
still evaporates and wears away, as does snow also, without 
visibly melting. Excessive cold, while repressing vapour, at the 
same time renders it more manifest by condensing it into fog. 
The frost rime of polar latitudes is a dense fog, produced by a 
cold, dry wind, which sweeping over the warmer ice or open sea 
takes from it some humidity. This, often rising but 10 or 20 feet 
above the surface, is condensed and frozen, so that the effect is 
the same as if a cloud of fine snow-dust were raised from the 
surface of the sea. 

The nature of evaporation was first set in its true light by 
Dalton, who showed that the quantity of vapour difiusible 
through the atmosphere at any one time depends wholly on 
temperature. Evaporation may be checked or retarded by the 
pressure of air or gas of any kind ; but, leaving out of the account 
the slight effects of varying atmospheric pressure, its ultimate 
amount is regulated by temperature alone. He ascertained that 
from a sur&ce 6 inches in diameter, under dry air, the weight of 
vapour carried off in 24 honrs, at different temperatures, is as 
follows : — 

Temp. gr^n. Temp. gmns. 

20 F. 0-52 55 F. 1-77 

25 -62 60 2-10 

30 -74 65 2-46 

32 -80 70 2-88 

35 -90 75 3-40 

40 1-05 80 4-00 

45 1-26 85 4-68 

50 1-50 212 120 

Evaporation proceeding from the exposed surface of the fluid 

or humid body, is abundant in proportion as the surface is 

ample. Less vapour rises, therefore, from a smooth sheet of 
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water than from curling waves and broken spray. Rough 
ground when moist, as it generally is in wintor^ giTes off more 
vapour than an pqnal aroa of water. Vegetation siill J'nrtiier 
divides thp liquid particles and multiplies tJie evaporating sur- 
face. In g^-neral it doubles the erapomtion. Dew-drops pcat- 
t*red over a meadow fly off in vapour In less than half the time 
that would bo required to di&sipate tbem if collected in one sheet 
of water. If vapour he not quickly carried otf as it rises from 
the ground, the process of evaporation is thereby checked. 
Wind, on the other hand, increases its activity'. Since the 
qnantitn,' of vapour which may remain suspended in the air 
depends wholly on temperature, the acti^-ity of evaporation at 
any moment is regulated : — 1st, by its tension ; 2ndly, by the 
amount of humidity already diffused through tlie atmosphere ; 
and, 3rdly, by the circulation. No addition of vapour can be made 
in an atmosphere alre-ady saturated. But if there be little ap- 
proach to saturation, if the atmospheric pressure be light and 
the space for diffusion unlimited, as at great altitudes on moun- 
tains or in hailoon.s, then the air will appear extremely dry, and 
rapid evaporation will take place even at low temperatures. 

If a little wat43r be introduced from below into the tube of a 
barometer, it will rise at once to the surface of the mercurj'j and 
there finding a vacuum^ will vaporize. The mercury wiU con- 
sequently fallj since the elastic force of the vapour in the placjp 
of the vacuum counteracts more or less tho weight of the 
atmosphere tbiit support* the mercurial column. The depression 
of the mercury measures the tension of the vapour or its power 
of occupying space, the connexion of which with temperature 
may be thus perfectly ascertained, as will be seen in the follow- 
ing brief extract from Dalton's Table of the Tension of Aqueous 
vapour :- 
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1*360 


212 
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From this Table it wiU be seen ihat, owing to the continual 
addition of new vaponr, vapour-tension increases mach &ster 
than temperature. Steam cut off from its supplies becomes 
instantly powerless. It is also worthy of remark that what is 
commonly called the latent heat of high-pressure steam diminishes 
with increase of temperature. Steam at 400^ imparts no more 
heat to water than would be communicated by the same volume 
of steam at 212*^. This is the necessary consequence of the 
pressure under which steam is raised to high temperatures ; and 
this may be ascribed jointly to accession of heat, and to the com- 
pression reacting on increased tension and converting latent 
into sensible heat. 

The &ct that the increase of vapour-tension is more rapid than 
that of temperature, has an important consequence which deserves 
attention. K temperature and its accompanying humidity 
always varied in the same proportion, then in all mixtures of 
currents at different temperatures the same harmonious pro- 
portions would still be found. But since the increase of vaponr 
outruns that of temperature, the air formed by the mixture of any 
two vapour-laden currents of air will always be supersaturated ; 
for their united vaponr exceeds the amount supportable by 
their mean temperature (fig. 65). This 
admits of easy illustration. Suppose that 
A B and A D on the same vertical right 
line represent the temperatures of two 
currents of air, while B E and D G (drawn 
perpendicular to that line) respectively 
denote the vapour-tensions of AB and 
A D. Now, if these currents be mixed 
together, C H, halfway between B E and 
D G, will mark their mean amount of 
moisture, which exceeds C F, the vapour- 
tension of their mean temperature. The 
mixture therefore is supersaturated. 

But to return to the experiment with the 
barometer ; the higher the temperature 
the greater will be the tension of the vapour, and the con- 
sequent depression of the mercurial colnnm ; and if the heat 
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and supply of water be solBdeQt to fill the tabe with Tspoar 
Qt 2l^f this Tftpoor will totally expel the merctury, its tension 
then exercising a fonw equal to the pressure of the atmo- 
sphere. So far rapour, being supported by a supply of heat, 
comparts iteelf like a gas j but tried by pre*3iirej it is com- 
pelled to lav a^ide this assumed chnmcter. Air confined in a 
tube resLsls compression by its elasticity ; it \"ields onlv in pro- 
portion 85 the compressing force i& increased, and when the latter 
is withdrawn recovers at once its former vottime. Bearinnf in 
the first instance the pre&sure of the atmosphercT it requires the 
additional weight of a second atmosphere, or of 30 mehes of 
mercnrv-, to reduce it to Imlf its Tolume, and the weight of four 
atmospheres to redaco it to one fourth. Vapour, on the other 
hand, has no inherent ini-incible elasticity. It has enough tor 
existenee under favourable circamslajicps, but nothing to spnre, 
and ofiers no resistance to pressure. If in the experiment with 
the barometer above described the mercury In the tulie be in- 
creased, each drop added will cause the condensation of a portion 
of the vapour, which is thus, by the least excels of pressure over 
its feenaioB, reduced to the fluid state. The highest trillion 
attainable at any given temperature is called the state of snturu- 
tion ; and in tliat state any increase of pressure or any full of 
temperature is immediately followed by coudensutton of vapour. 
But if the tension (through deficiency of water or other causes) 
be below the point of complete saturation, then the tempefatura 
may fall without condensing the vapour, till it meet^ that point ; 
for it is obvious that saturation draws nigh as temperature 
declines. And here it is neeessan.- to remark that the word 
saturation is most commonly mads use of by meteorologists in 
a totally incorrect scn&e ; for when they speak of the observed 
saturation -of the atmosphere at any timej they mean only the 
approach to saturation measured in degrees or the quantity of 
vapour present in it estimated in proportion to the quantity 
permitted by tempenitnro (or to total saturation). 

Thus it is evident that with the aid of Dalton's Tables we can 
at any timo determine from the temperature how great may he 
the tension of the atmospheric vapour. The atmosphere, how- 
ever, is rarely in a state of conaplete satumtion ; and it is dosirahle 

i<2 
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to know not merely the possible but also the actual tension of 
the Taponr contained in it^ and the difference between them. 
Now, we have seen that, where the vaponr-tension is below 
saturation, We can nevertheless make it suffice for saturation by- 
lowering the temperature. If we cool the air till its vapour con- 
denses, and note the temperature at which the deposition takes 
place, then, knowing the natural temperature of the air and that 
obtained by cooling, we can learn from Dalton's Tables both the 
possible and the actual quantity of vapour contained in the air, 
and can express the latter as a iraction of the former. 

Dew is deposited as often as the cold of night leads to 
saturation, and the atmospheric vapour falls condensed. This 
process is easily imitated. While cooling the air gradually, 
we must observe the temperature at which the condensation of 
vapour first takes place ; and thence, with the aid of the Tables, 
we leam the actual tension of the vapour. Suppose we have two 
thermometers exactly alike in form and capacity, one of them 
having its bulb covered with muslin, wetted with ether, the 
other remaining dry. Now the evaporation of the ether pro- 
duces cold ; the mercury in the wet-bulb thermometer, therefore, 
sinks, and just as it reaches 50°, for example, vapour begins to 
condense on the glass. At the same time the temperature of the 
air, as shown by the drj-bulb thermometer, is 80°. But from the 
Tables we leam that the possible tension at 80° is 1, while the 
actual tension, being that at 50°, is only 0'375. The ratio of this 
number to unit is that of 37*5 to 100 ; the saturation, therefore, 
is said to be 37*5 per cent. ; that is to say, the vapour in the air 
amounts to 37'5 per cent, of that which would completely saturate 
it at the temperature of 80°. Again, suppose the dry-bulb to 
mark 77°, while the dew-point on the wet-bulb is found to be 59°. 
Now the tension corresponding to the latter indication is 0*196, 
while that possible, or marking complete saturation at 77°, is 
0-923; we therefore conclude that as 0-923 is to 0-196, so is 100 
to l|^, or 21 per cent, of saturation. 

The two thermometers are often combined in one instrument, 
called the wet-bulb thermometer, and thus constructed. A wide 
glass tube (ACDB, fig. 66) is Iwnt at right angles, so that 
while the middle portion of it, C D, remains horizontal, two arms 
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tenainating in balbs, and of unequal ^ Fig- 6G. 

length, C A and D B, han^ down 
vertically. The bulb of the longL-r 
arm, A, is half fillod witb ether, into 
which dips a $mall thfrmometer pu- 
closed in the tube. The bnlb of the 
shorter, B, is covered with inuelin 
moistened with ether. The cold pro- 
duced by the evaporation of this 
condenses the vapour of the ether 
within the tnbe, and qnicken§ itii 
e-roporation- Moisture then condenses 
on the lower bulb, A, coiibuning the ether ; and the temperatupe 
at which, this takes place may at the same instant be learned 
from the small thermometer dipped in the ether and compan-d 
with the indication of the therm uineter, T;^ externally aftixed to 
the instrument. 

At sea the wet-bulb thermometer is generally but 6°-3 below 
the dry'-bulb thermometer, indicating an approach t^ saturation 
of about SO per cent. But as the boiling-pomt of sea-water 
(218°-6) is (i*'6 above that of fresh water, it is likely that tho 
elasticity of vapour from salt water is at all temperatures below 
that of fresh water, and that the air over tlie ocean has all tho 
saturation derivable from that aourue. It is obvious that, sup- 
posing the quantity of vapour in the atmosphere to remain 
constant, the saturation will bo more complete the lower the 
teniperaturo. It is in winter, therefore, and in cold latitudes 
tliat mists and cloudy weather are most frequent. The sensations 
by whieh we distinguit-h between moist and dry cUmatea aro 
diio wholly to tliu degree of [saturation, and not to the qnantity 
of vapour actually present m the atmosphere. In Devonshire or 
the West of Ireland the itir ofU*n feels clammy ; every thing^ 
attracts moisture and becomes mouldy. In North America, 
where hij^h temperature and humidity generally go together, 
tho stranger wonders at tho dryness of the air, at the slowneiw 
of decomposition, and th(^ case with which meat may bo pnv 
Berved. Honses may be seen built in Armenia of salt, on the 
shores of the Red Sea of trona (carbonate of soda). Now, in 
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all these cases of dry climate the tension of vaponr, or the pro- 
portion of it in the atmosphere, may be greater than in Ireland ; 
but it bears a mnch less proportion to complete saturation, the 
point of which is raised by temperature. 

In a thick mist, the air being saturated, the two thermometers, 
the dry and the moist, would agree in their indications. But in 
the dry Siberian Steppes, between the rivers Irtj-sh and Obe, 
M. Ton Humboldt found them to show a difference of 50°*4 Fahr. ; 
and near Arkiko, on the Abyssinian shores of the Hed Sea, M. 
Ant. d'Abbadie observed a difference of 40° Fahr. At Benares 
has been observed in July a tension of 1-038 inch, fully eqnal to 
a 29th part of the whole atmospheric pressure. At Nertchinsk, 
in Eastern Siberia, 2200 feet above the sea, the tension in 
January is barely the ^^ of an inch. Decreasing towards 
the poles, from the equator, where it sometimes amounts to -^ 
of the whole pressure, the mean annnal vapour-tension varies in 
Europe from two fifths (0*41) of an inch at Naples, to one fifth 
(0*22) in Northern Gtermany, whence it diminishes towards the 
east, till at Tiflis (Armenia) it is only ^ (0'15) of an inch. 

Evaporation and atmospheric humidity decrease from the 
equator to the pole, but with an irregularity that shows to what 
an extent the influence of latitude is counteracted by local cir- 
cumstances of position. This will be evident from the following 
brief Table, in which the annnal amonnt of evaporation given in 
inches of water decreases generally with the increase of the 
distance northwards from the equinoctial line ; while yet westerly 
position and proximity to the ocean, or to mountains that arrest 
the rain-bearing winds, often cause a violation of the rule, and 
give the more northern position the more copious moisture : — 
Lat Lat. 



Cum ana 


10 27 N. 


138 


Breslau 


51 7N 


,15-5 


Bome 


41 54 


77-8 


London 


51 30 


25-1 


Marseille 


43 18 


90-6 


Breda 


51 35 


25 


Bordeaux 


44 50 


63 


Rotterdam 


51 55 


24-8 


Angsbnrg 


48 21 


64 


Liveipool 
Manchester 


53 25 


37-6 


Manheim 


49 29 


72-8 


53 29 


44-2 



The humidity of the atmosphere is not only njore abundant at 
tiie equator, bat it also there attains a greater altitude than else- 
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where. VapooMension, bowerer, diminislies upwards, though 
(owing to currents and still more to the clouds, which latter ar« 
concomitants of high saturation) not with regularity. Mr. 
Glaisher in his ascent in a balloon from Wolrerbampton met with 
what he deemed perfect dryness at an elevation of about 1 6,000 feet. 
Yet proof that hamidify can be collected and float at an elevation 
of five or six miles, may be often seen in fine cirrous clouds 
high above the Andes and other lofty mountains. Atmospheric 
humidity, as expressed by the tension of vapour, diminishes 
also as the distance from its source increases. Hence places 
far inland or leewards have in general a comparatively dry 
atmosphere. 
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CHAPTEE X. 

Temperftture — of tbe Atmosphere. — St^n, Temperature^how fuuud. — La- 
mant'a Table. — Sleech'a Table — ita def&ctfi, — Radical Iju perfection of 
Tnblea of Teraper&lure.— losolfttirin regular, ita effecta irreirulflLr,^ — Dry 
Air diatbermaTioms. — Glabber's Table uf AtmospLeric Temperature. — 
Effect of Clouda, 

The sensible effects of heat vary, as already stateJ, according to 
the capacity' for heat of the body on which it falls. The greater 
that capacity, or the specific heat of the budy» tlie greater will 
be the measure of heat required to raise it to a given tempera- 
ture, and therefore the lower will he ita temperature acquired 
fram a given measuro of heat. Consequently the saine amount 
of solar beat calls forth very different temperutiu'es, according as 
it ia expended on land, sea, or air. A sunbeam falling- on the 
ground is ahiiost wholly arrested at the surface : it penetrates 
but a little way — the daily T^neissitudes of heat being barely felt in 
our latitudes at a depth of 4 feet, the annua] perhaps at a depth 
of 40. Consequently the naked ^ound exposed to the sun's 
rays often grows intolerably hot. In hot tropical countries, snch 
as the dry desserts of Africa, Australia, and the shores of the Red 
Sea, tie thermometer in contact with the ground has been known 
to rise to 140° Fahr., or even to 158° Fghr. This excessive heat 
of the ground stimulates the aacent and [circulation of tiie air 
above itj so that the atmospheric temperature still remains com- 
paratively moderate. The sea^ on the other hand, is penetrable 
by heat as well as light to a considerable depth, 60 fathoms at 
least, but perhaps much farther ; and water has the greatest 
capacity for heat. Consequently, m every zone of the earth, the 
portion covered by water is that which varies least in tempe- 
rature. 

Between the extreme fluctaations of the land with respect to 
temperature and the comparative constancy of the ocean, the air 
holds a middle place ; and since it envelops every thing on the 
oarth^s surface, while itministers to animal and vegetable life, its 
temperature is most important ; and therefore, when countries 
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or places are compared with respect to temperature, it is the 
temperature of the air that is intended. But the air being sub- 
ject to ev^ry mfluencx) from Hca or land that can act on a very 
mobile and susceptible medium^ varies unceasinglyt and no single 
obsen-ation can determine iU daily temperature. If the thermo- 
meter were observed every 5 miuutea during; 24 hom-s, and the 
sum of these results were divided by 288, the numLer of obser- 
vations, the quotient might be justly considered as expressing the 
mean temperature of the day. But experience proves that the 
^me end may be attained i%-ith sufficieut accnraey, and much 
mare conveniently^ by taking the mean of observations made at 
selected hour.^, morning and evening, as for example, at 4 and 10 
o'clock A.M. and p.m., or at 6 A.M., 2 and 10 p.m. ; or at 7 a.m., 
uoou, and 10 F.u. Some are satisfied by assuming the tempera- 
ture at 9 o'clock A.M. to represent the mean temperature of the 
day, while others prefer to observe the maximum and minimum 
temperatures, and take half their snm. 

The time of the daily minimum is generally supposed to be 

.at sunrise ; while some make it precede fiuurise by an hour or 
ore. In reality, however, it varies with the season and state of 
tJie heavens, preceding sunrise in cold and clear weather, and 
coinciding with or even fcjllcwing it in warm weather with much 
Tapour. 

The hour of maximum heat follows noon later aa the day growa 
longer, or as the quantity of heat received in the forenoon in- 
creases. In Gfcneva (lat,46°'12') the greatest heat of the day occui's 
in winter at l** 53™ ; in summer at 2*^ 57" ; in Leith (lat. 
55" 58^ 54") the daily maximum in midsummer is at 3^ 27". On 
the Great St. Bernard the time of the daily niaximtim varies in 
the course of the year from 0^ 40™ to l** 15™, showing that at a 

.great elevation and in a rare atmosphere the influence of the 
t heat from tlie 3iin is less interfered with by that radiated 
from the ground. The difference bett^'een the greatest and least 
temperatures, or the extent of the fluctuation of temperature 
in the course of a day, month, or year, is called ita amplitude, 
dally, monthly, or yearly, and is a most important charaeteriatic 
of climate. Two places having the same meuu temperature, but 
with different ampUtudes, will have very dlfierent cUmatefl. 
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The mean temperature of the month is fonnd hy dividing the 
snm of the mean temperatures of the days included in it by the 
number of the latter. Thus, if all the daily mean temperatures 
in October amount, in Home, to 2009°'42, we have only to dirule 
that sum by 31, and the quotient 64°*82 will be the mean tem- 
perature of the month. That of the year may be derived in a 
similar manner from the mean of the months. If in Borne 
these added together amount to 726°*84, then the twelfth of 
this sum, or 60°'57, will be the mean yearly temperature of that 
city. The daily means form the foundation of accurate meteo- 
rology ; but science cannot dispense with generalizations ; par- 
ticulars have little value if they do not lead to compr^ensive 
conclusions. 

The monthly means clearly show how temperature varies with 
change of season ; but they conceal to a great extent the annual 
amplitude, or the extremes of heat and cold, experienced in differ- 
ent parts of the earth during the year. From Tables of monthly 
mean temperature it might be concluded that the greatest difference 
between the cold of the polar regions and the heat of the torrid 
zone is only about 140°. But there is good ground for believing 
ihat it occasionally far exceeds that amount. The greatest cold 
or annual minimum of heat on the European continent generally 
occurs about the 14th of January. After that date the increase 
of heat goes on slowly till April or May, when it grows rapid, 
the greatest heat being felt about the 26th July. The mean 
temperature of the year occurs twice, viz. on the 26th April and 
21st October. These, however, being mean dates, are but ap- 
proximately true, and do not exclude local differences of a few 
days. At Rome, owing to the snows of the Alps and the preva- 
lence of north winds that retard the spring, the mean temperature 
of the year falls on the 1st May, and the greatest heat on 1st 
August. Moderation and stability* of temperature bespeak the 
influence of the ocean ; great amplitude of temperature or 
alternate excess of heat and cold characterize the predominance 
of land. Such is the contrast between the oceanic and continental 
climates. 

The decline of solar beat with increase of latitude holds out 
such promise of regularity as induced the celebrated £dmand 
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HaOey and other eminent philosophers to compote Tables of 
dimate fotmded almost wholly on that consideration. A hxwt 
extract friHn <»ie of the most elaborate of these Tables wiU enable 
the reader to understand its scope, and the waste of laboor in- 
Tolred in it :— 

Mean Monthy Temperatures^ according to M. Lamont. 
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The writers who thus thought to tabulate the climates of the 
whole globe, all proceeded on the assumption that from the insola- 
tion or amount of solar heat poured on any point in the meridian 
may be deduced its mean temperature, regardless of aerial cun 
rents, and apparently forgetting that there may be, and generally 
is, a great difference between the heat emitted and that received, 
and also that, in the absence of the sun, an antagonistic power, 
terrestrial radiation, is incessantly at work, so that the result 
sought is really compounded of two opposite forces, and depends 
much on the prevalence of clouds or clear skies, which are very 
unequally distributed over the earth. The absence of the sun 
implies not merely the privation of his heating rays, but also 
exposure to the intense cold of the serene heavens. But the 
failure of these attempts to construct a generally applicable theory 
of terrestrial heat will be best learned from a close examination 
of Mr. Meech's " Table of the Intensity of Solar Heat," which, 
being drawn up with minute care and of recent date, seems to be 
regarded by many as a conclusive authority. 

Mr. Meech having shown how the sun's rays are weakened 
by oblique incidence on the earth's surface, concludes that solar 
heat is at every point on a meridian proportional to the cosine 
of latitude, and adopts as a perfect expression of it Sir David 
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Brewster's formula T=80°-5 cos. lat., T being the temperature of 
the place, and 81°'5 the mean temperature of the equator. He 
omits to consider the loss of heat bj oblique incidence in its 
passage through the atmosphere, by which it is reduced proba- 
bly in the duplicate ratio of the cosine. Then, taking the mean 
equatorial day as a unit of measure, he calculates the duration of 
sunlight at every fifth parallel in terms of this unit ; and propor- 
tional to these results he proceeds to find parts of equatorial 
temperature. His own words are, " Taking the annual intensity 
at the equator as 81°'5, the intensity in other latitudes may be 
expressed in that proportion." In short, he concludes that as 
365*24 solar days at the equator are to the number of such days 
at L (any latitnde}, so is 81°'5 to the mean temperature of L. 
Thus has been formed the following Table : — 



Latitude, 
o 



5 
10 
15 

20 
25 
30 
35 

40 
45 
50 
55 
60 
65 
70 
75 
«0 
85 
90 

In this Table the first thing that calls for remark is, that the 
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Meam temp. 
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81-5 
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81-22 


360-19 
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46-36 
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38-61 
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36-42 
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34-95 


152-83 


34-10 


151-59 


33-83 
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formula T=8P'5 cos. lat. excludes from considemtion the effect 
of the atmosphere on the trEin-sniission of heat ; jet at the pole 
four fifths at least of the solar hc^at mast be intercepted bj the 
atmosphpre. Mr. Meecb, mdepdj candidly confesBes tliat Hb 
adopted formula " la strictly true only outside of the atmo- 
Rphero." This might be taken as an admission that his Table is 
not applicable to the surface of the earth- But in truth be 
never meant to admit so much. He gave little attention to the 
defect intimat«iy nor has he pointed it out so expressly as to 
prevent its misleading others. He could not, indeed, with con- 
sistency be so candid ; for hia reasoning is ba^ed on an assump- 
tion of a contrary character — since SF'Sj the assumed mean 
temperature of the equator, is not only not true " outside of the 
atmosphere," but, falling considerably below the summer heat 
of the tropics, obviously esempJifiea in the clearest manner the 
effect of interposed atmosphere, active evaporation, and constant 
clouds in abating; the central heat of the torrid zone. But since 
the figures at the head of the third column in Mr. Meecb 'a Table 
denote mean temperature at the surface, an incautious reader 
might naturally suppose that the following figures deduced from 
them belonged to the same ciitegory , and are true " inside of the 
atmophere." His incidental remark, that " the laws of terres- 
trial temperature,," as distinguished from the intensity of solar 
heat, "which he has investigated, " will require a special and 
apparently a more difficuft analysis,"' allows us to hope that, 
while the latter branch of knowledge remains imperfectly deve- 
loped, be will not expect a& to accept in its stead a series of 
theoretical deductions widely iit variance with experience. 

Mr. Meecb tells ns that " during tlie summer season, or for 
85 days from the 10th May to the Srd August, the sun's inten- 
sity at the pole is one fourth greater than at the equator. Indeed 
at the sunnner solstice it rises to 98'fi thermal units, corresponding 
nearly to 98° Fidir." As Dr, E. Sebmid.in his valmible * Lehr- 
buch der Meteorologie,' repeatji this account of the superior beat 
of the polar summer, he must be suppoised to have overlooked 
the following explanatory sentence : — '* The measured intensity 
refers to the upper limits of the atmosphere, upon which the sun 
slunes continually^ but from & low altitude wliich cannot exceed 
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23^ 27*." This is feirly stated ; bat, on the other hand, the com- 
parison of the snn's imaginary intensity at the pole, from a low 
altitnde and above the atmosphere, with the real intensify at the 
eqaator below a thick screen of clouds, is calcalated to mis- 
lead. The mean heat received at the pole from the son between 
the horizon and the altitade of 23* 27" cannot exceed 12*'-25. 
Where Mr. Meech*s figures come nearest to the truth (in middle 
latitudes), they are certainly not applicable to every meridian ; 
and Tables only partially applicable are useless. He underrates 
the heat of the equatorial zone, and be much overrates that of 
the polar regions. Captain Scoresby informs ns that in the 
polar seas the sun^s heat may melt the pitch on one side of a 
ship while on the other side the sea is freezing. The ship's side, 
coated with a material well disposed to absorb heat, is nearly 
perpendicular to the sun's rays, which, from a low altitude, im- 
part no heat to the surface of the ground or to the air. The 
temperature in those regions cannot possibly rise above the 
freezing-point till the ice and snow are all melted, a work which 
occupies most of the summer. According to Dr. Kane, there 
rises in that season a thick fog, which never clears away ; the 
sun is often invisible for some days, and from noon till midnight 
there is but little light. Our information respecting the polar 
regions is excellent and abondant ; and it does not allow ns to 
assign to the pole a higher mean temperature than + 2° Fahr., 
or nearly 32'* less than that found for it by Mr. Meech. And yet 
its temperature, though still low, has been raised probably many 
degrees by extraneous causes above that due to its position with 
respect to the sun. 

To Mr, Meech's Table of terrestrial temperature, and all others 
of the same kind, there lies one objection which desen-es to be 
attentively considered. However completely may be ascertained 
the measure of heat incident on different parts of the earth, it 
seems impossible to derive from that knowledge any formula 
that will give the mean temperature of a place in terms of its 
latitude, because such a formula implies the power of finding 
proportional parts of heat. But it is manifestly impossible to 
divide proportionally that of which we know neither the begin- 
ning nor the end. 



TAniABiLnr of isolation:. 



143 



The thermometer is partial and relative ; it does not tell the 
absolute qnantity of hent, but only serves to compare tempera^ 
tures within a limited ran^e ; the degrees of it* scale are not 
proportional parts of beat* S&veral formulae have been proposed 
to connect mean temperature with latitude ; but to show their 
futility it will sulfice to examine the simplest of them, that of 
Sir D. Brewster, adopted by Mr. Meech. If it be true that tha 
mean tempprafm-e of any place is equal to the mean temperature 
of the equator, reduced in the ratio of radium to the cosine of that 
place's latitude, then we ought to have the same result whatever 
be the thermoraetric scale ornplojed. Kow^ assuming 8l°*5 to 
be the mean temperature at the equator, since the cosine of lat. 
60° is half of radius, the mean temperature of that latitude, ac- 
cording to Brewsl*r*s formula, is 40"75. But in the Centigrade 
scale the temperature of the equator is 27° 5^ and that of 60'' lat. 
therefore 13*''7.i, which latter is equal to 5G°'75 Fahr., a result 
differing from the former by HP or half the difference between 
the zeros of the scales. These results, therefore, cannot be both 
trae ; but on what grounds can we prefer one to the other ? The 
zero of the scale being an arbitrary point, the same formula iried 
with different scales gives totally different results ; and if all 
scaler had the same zero, their barmony would be delusive; for 
their startiug-point would be still arbitrary, and could not claim 
to be the beginning of heat. 

It might be thought that since insolation depends chiefly on 
the suu's altitude and the length of the day, the amount of it 
received along any parallel of latitude, where these two conditions 
remain constjtnt, would be everj'where the same. But such ia 
not the c-ase. Though equal heat fall on all parts of aline, it may 
not meet in all parts with a like reception. According as it falls 
on sea or land, on lofty mountains or low plain, on arid rock or 
on vegetation, on clouds or through clear atmosphere, the share' 
of it that meeta the surface and ia given back to the lower 
atmosphere varies within wide limits. If it anywhere ac- 
cimiiulates, it ia carried otFby winds or currents from one latitude 
to another,, so as to complicate the irregularities due to local 
causes. 

In order io illustrate the irregularity above spoken of, we sly" 
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here exhibit for compariBOD, in a brief Table, the mean tempe- 
ratures for the winter, the summer, and the year, of a few groups 
of places in (or nearly in) the same parallels of latitude, bnt 
in three different tracts of longitude, viz. along the western coasts 
of Europe bordering on the North Atlantic Ocean, from north 
to south over North America, and, lastly, over Eastern Asia. 



Lat. 



Long. 



Winter. 



Sum- 
mer. 



Year. 



Northamberland Sound 76 62 

Melville Island ' 74 47 

Mageroe 71 10 

Urt Yannk 70 56 1 

Boothia Felix '68 69; 

Ft Confidence 00 64 ' 

Yakutak ! 62 2 

Bereen ! 60 24 I 

FL ChurchiU 69 2 

Aberdeen 57 9 

Nain 57 10 

Sitkha 67 3 

Ajan 56 271 

rBelfast 54 37 

lUuluk 53 52 

Cumberland Houae . . ' 63 37 

Irkutak 62 17 

Greenwich 51 29 ' 

Werchne Udinsk 51 49 ; 

Rochelle 46 9 

Quebec 40 49 

Bordeaux '44 6 

) Toronto i 43 39 

I Lisbon 1 38 42 

\ Philadelphia 1 39 57 

( Pekin ' 39 54 , 

Funchal 32 .18 

Natchez 31 34 

New Orleans 29 57 



97 0\V. 
■110 48 W. 
26 1 
138 24 

92 IW. 
-118 49 W. 

129 14 
5 18 

93 low. 

■ 2 5W. 
■01 6W. 
-135 18 W. 

78 18 

- 6 58 W. 
-100 25 W. 
-102 17 w^ 

104 11 


107 44 

1 10 

- 71 low. 

35W. 

■ 79 21W. 

- 9 9W. 

- 75 10 W. 
IK) 20 

10 19 

■ 01 28 W^ 
90 



-35 
-32-2 

23-7 
-34-3 
-27-6 
-22« 
-37-8 

36-3 
-14 

39 

- 0-4 
33-8 

- 1-7 
41-3 
32 

- 37 
10 
37-6 

- 2-2 
89-4 
12-5 
43 
251 
52-4 
291 
20-6 
G9 
622 
60-9 



33-4 

371 

43-7 

46-6 

38 

48-2 

68 

58-6 

61-5 

69-4 

47 

54-5 

61-3 

63-9 

47-9 

59-9 

61-4 

60-3 

65 

67-3 

691 

7M 

03-9 

70-9 

71-8 

81 

79 

81 

82-1 



-0-6 

-0-4 

32-2 

3 

3-7 
12-3 
11-6 
46-8 
17-4 
49-1 
26-1 
43-4 
26-6 
52 
38-7 
25-7 
311 
48-8 
32 
52-3 
41-9 
57 
441 
61-4 
511 
54-7 
74^ 
671 
69-8 



AmpL 



68-4 

69-3 

20 

80« 

65-6 

711 

95-8 

22-2 

66-5 

20-4 

47-4 

20-7 

40i} 

21-6 

16-9 

63-6 

61-4 

22-7 

67-2 

27-9 

66-6 

28-1 

38-8 

18-6 

42-2 

54-4 

10 

28-8 

26"2 



The preceding Table makes it sufficiently evident that the coasts 
of Western Europe in high latitudes enjoy a verj- remarkable 
moderation of temperature, while excess of heat or cold, or of 
both, cliaracterizes the same parallels on the American and 
Asiatic continents. In Spitzbergen the summer temperature often 
rises to 44°, or more ; 58" has been recorded ; the snow on the 
mountains disappears to a height exceeding 4000 feet. The 
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Winter icmpcRiture is probably not below 5°. But in KortJi- 
omborbrnd Sotiiid aud Melrillo Island;, Kiine degrocs morv south, 
the t<?atperat(in> of summer Uttle excrods tbo rrp<^siug*poiut of 
water, 32*^ ; the cold of winter nearly ^iiiks to tlwt of freezing 
ra^rcmy, — 40°, Hxuiunerfest, at the northern extremity of Nor- 
Tk'ay, is a HJinfortablc town of fishermen and niercbnnts, with n^jood 
harbour never frozen ap ; wlule tTst-Vangk m Silierin, in nearly 
the same latitude, built on perpetual ice, endarea extreme and 
persistent cold, and Boothia Felix, in North Americii, a degree 
farther sonth^ is a desolate lond^ ieL'hound eiglit months of tLo 
year. Beykiavik in Iceland, with an annual mean teniperature 
of nearly 41^ Fahr., is ui a higher latitude than Yakutsk, where 
merenry often remains frozen for three months together. It is 
worth while to eomparo attentively the climate of" Yakutsk with 
that of Bergen in Norway, on a parallel only two degrees further 
>ath. Observe the wide djfterence bebiveeu the climntes of 
stem and eastern coasts : Bergeu is on tile western shore of 
Europe ; Ajan, in a lower latitude, on the Bay of Ochotek, at 
the eastern side of Amii. It is worth while also to compare 
Sitkha, on the western coast of North America, witli Nain, on 
the same parallel in Labrador ; and let both bo compared with 
Aberdeen. Again, Belfast, compared with lUuIuk in Alyaska, 
illustrates the superior teniperatum of the Northern Atlantic. 
Eochello has a wanner climate than Quebec, in tlie same latitude ; 
Bordeaux has, in like manner, the advantape over Toronto. 
Lisbon enjoys a deiiciotLs equaluUty of temperature unkno^\'U in 
Philadelphia and Pekin, in nearly the anno latitude. Let it bo 
observed that the continental climate beyond the tropics isinvari- 
ably characterized by the severity of winter and rjreat ranpo of 
temperature. Thus Yakutsk, with a sunnnor 5" wanner tlian 
that of Keykiavik in Iceland, lias n wijiter Gl'^ colder, and a 
recorded annual amplitude cif !l5'^*8. But this, Ijcing deduced 
from moutJdy mean temperatures, falla fai- s>hort of the actual 
amplitude that occasionally occurs, and which can hnixlly bo leas 
than I2(f. As we approach the equator the nnnual nmpli- 
tudo everywhere diminighesj and teniperaturo bocumea more 

I equable. 

■ Atmospheric aiij free from vapour, is almost perfectly diatliier- 
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manons and iDteroepts bnt little of the lommoTis solar brat. On 
the other hand, it readily absorh^ the obscure heat radiated from 
the groimdj its absorbing-power being greatly increased by the 
presence of vapour. It serves therefore fo prevent the escape 
of t}ia heat which has passed downwards thron^h it, Hie enn^e 
rays are allowed to pass undiminished to the gronnd ; bnt their 
heat, when radiated from it, is absorbed ; consequently the 
atmogphere receives its heat immediately, not from above, hut 
from below. The air near the ground, dilated by ihe heat, be- 
comes specifically lighter, and ascends till it reaches a stratum 
of equal density, in which it becomes laterally diffused, the 
ascending stream being replaced l>eIow by a descending influx of 
cooler und denser air. Thna any increase of temperature oa 
the earth's eurface tends to set the atmoephere in motion, the 
diflfnsion of heat disturbing its equilibriom, which is chiefly 
adjusted by vertical circulation. 

Since the atmosphere derives lis heat immediately from the 
aiirtli*& surface, it follows that the higher we ascend and the fur- 
ther from the groimd, the lower in general will be the tempera- 
ture of the air. It diminishes in ascending for two reuoiu : — 
first, beeaiisft the immediate gource of its heat is further off ; and 
Secondly, because as the air grows rarer the loss of heat th&t 
accompanies dilatation incroases. The rate at which atmospheric 
lemperature falls with increasing altitude is not eastiv ascertained. 
From observations jnaJe on mountains no satisfactory conclu- 
sions can in this case be drawn, since, however high above the 
level of the sea, they are still on the ground and liable to bo 
affected by its radiation. Those made in Ijalloons were, till very 
recently, too few to afford sufficient grounds for induction, con- 
sidering the variety and flnctuating character of the phenomena 
whose laws are sought for, and hitht-rto they have been 
made only in a part of the earth characterized by variability. 
The rate at which temperature decreases npi%ards depends muck 
on its condition near the gronnd and the state of the d^. !Qie 
greater the heat the more ni]iid is the rate of it^i decrease caused 
by distance. A low degree of heat dies off by a couiparatively 
slow and nniform diminution. Consequently the increase of 
height required to lower the temperature of the air by V Fahr. 
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is loss in Wight mmhme than under n cloudy skr, and generally 
it is loss tlio lower thn absolute hpjglit. 

To tile courage and sck^ntifit: perseverance of Mr. Glaisher 
meteorology owes its best materials foi' a well-founded and 
correct theory of thy utraosphero. From thatgentk-man's abun- 
dant obseniitions has been formed the IblloTiing Tabkj which 
will servo to show thp increase of Jiltiludo csperimcu tally found 
to lower the thermometer 1° Fahr., under clear and cloudy Rkies, 
for every lOfJO feet from the «Troantl to iho height of 30,000. 
Irregiiliiritv iu {ihcnomena may Iw in general ascribed to dis- 
tnrbanco of fundnmcntal laws. In order to exhibit results 
havintr nntnrnl rf^iilnrity nnrl free from diistiirbance, Mr. Glnisher 
has addyd a cuiumn (the fourth) uf corrected observiLtiuua ; and 
in order to show tho principlo of this corroction, tho series of 
re^jularly decreasing ditfBrencea also is hers addi'd :— 



21 
ai 
17 
15 
13 
U 
11 
10 
10 
10 
i) 
S) 

9 

Q 
8 

8 
8 







Sky 


cloudy. 


Clear sir 




ram 


feet. Depression. feflt. 


feat. 




gronnd 


up to 1000 


l^F. 


for 22a 


lay 


139 


KHX> 


„ 2000 


)> 


23!) 


KJO 


IfiO 


^(KK) 


„ 301 W» 


!) 


2(14 


17(1 


181 


SOOO 


„ 40O0 


V 


271 


1!>5 


1^8 


4000 


„ 50(1^1 


n 


323 


2U 


213 


SOOO 


„ rtOlM) 


fj 


357 


230 


226 


6000 


„ 7000 


Tl 


357 


243 


238 


7000 


„ 8000 


n 


370 


254 


24!> 


8000 


„ tiooo 


V 


384 


2(i3 


^oi* 


9000 


„ 10,000 


« 


38.i 


272 


2m 


10,000 


„ n,(XH) 


)) 


384 


2711 


27tl 


11,(X)0 


„ 12,000 


?t 


384 


2fi^5 


2fi8 


12,000 


„ 13,00fJ 


)t 


400 


203 


297 


13,000 


„14,0lH> 


jt 


455 


3fK^ 


30rt 


14,000 


„ 15,(HK> 


ji 


477 


308 


315 


15,000 


,, 16,0)X» 


}i 


477 


314 


324 


l!i,000 


„ 17,000 


!I 


527 


323 


332 


17,000 


„ IH^tKM) 


n 


55fi 


330 


340 


1«,000 


„ IDjOiH) 


n 


55H 


337 


348 


19,000 


„ 20,(KK> 


n 


mi 


34(! 


35e 


20,000 


„ i!i,om> 


ri 


771 


355 


364 



l2 



Sky doody. 
F^m feet DejvesaioD. feet 

20,000 up to 21,000 r F. for 771 


Clefirshy. 

feet 

355 


364 


21,000 


„ 22,000 




771 


358 


372 


22,000 
23,000 


„ 23,000 
„ 24,000 




1000 
771 


368 
377 


380 
388 


24,000 
25,000 


„ 25,000 
„ 26,000 




909 
1000 


386 
396 


395 
402 


26,000 


„ 27,000 




1000 


404 


409 


27,000 


„ 28,000 




nil 


413 


416 


28,000 
29,000 


„ 29,000 
„ 30,000 




1250 


423 
428 


423 
428 
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8 

8 
8 
7 
7 
7 
7 
7 
5 

Irregular distribution of heat in the atmosphere generally 
attends clouds. On a cloudy day there is often little or no de- 
crease of temperature up to the cloud-region ; but with many 
strata of clouds variations of the thermometer become frequent. 
Hence Mr. Glaisher chose for correction, as a more regular basis, 
his series of observations made under a clear sky ; and the results 
thus obtained may be taken to represent, without any material 
error, the normal decrease of temperature upwards when that on 
the ground is moderate (about 65°). The irregularities arising 
from interfering currents in the atmosphere were found by him 
to be frequent and striking. On one occasion he left the ground 
with a temperature of 59°, which at 1000 feet fell to 26° ; but 
at 13,000 feet the thermometer began to rise, and at the 
altitude of 19,500 feet marked 42°. Six or seven thou- 
sand feet higher it fell to 16°. The disturbance characterizing 
the cloud-region, and ordinarily occurring at a height of 
from 5000 to 9000 feet, sometimes extends far beyond those 
limits. Mr. Glaisher, on one occasion, entered the clouds at the 
height of 1500 feet, and continued to pass through strata of 
clouds till he reached 23,000, and even there he had not reached 
the limit of vapour. Yet it is obvious that interrupted decrease 
of temperature with increasing altitude must be ascribed to acci- 
dental causes, and that the elimination of their ijiflaence alone 
can enable us to approximate to the true law of that decrease. 

The same indefatigable meteorologist has still more carefully 
studied the distribution of heat in the lower region of the atmo- 
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Sphere, or np to 5000 feet. Under a clouded sky, temperaturo 
ap to ihe doads is very uniform ; with a partially covered sky 
it declines 

feet per 100 ft. feet 

for the first 100, 0°9 F., making for 1" F. an ascent of 110 

from 100 to 300, 0*8 „ 125 

300 to 500, 0-7 „ 143 

500 to 900; 0-6 „ 166 

900 to 1800, 0-5 „ 200 

1800 to 2900, 0-4 „ 250 

2900 to 5000, 0-3 „ 333 

" Witii a clear sky," he tells us, " the greatest change is near 
the earth, 1° for less than lOOi feet, till at 5000 feet the decrease 
is 1° for 300 feet ;" and it is evident that the higher the tem- 
peratm'e on the ground the more rapid is its decrease in 
ascending. 
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CHAPTER XI. 

lines oi equal Temperature— IlTpsometrical.—l80thernial9 at the Level of 
the Sea. ^Thermal Equatoi^-its Podtioa and Oscillation.— Line of 
Freezing Temperatore traced in October — in Janoary — ^its Pontion in 
July. — Isothenus in the Southern Hemisphere. — Influences of Sea and 
Land. — Abnormal Temperature of 'Weatem Europe — not due to pre- 
dominance of Land — its true Cause. — Unequal Polar Sea& — Isobanf 
tiieir relation to Isothermfl. 

The sources of heat havmg been treated of, as well as the Tariona 
modifications to which it is liable from the constitntion of the 
groond or atmosphere, it now remains to consider how tempera- 
ture is actually distributed over the earth^s surface. It is mani- 
fest that it is not regulated merely by position on the globe, and 
tiiat two places on the same parallel of latitude may differ widely 
in climate — such irregularity in distribution of temperature not 
being accidental or transient, like inconstancies of weather, but 
to a certain degree fixed and permanent. Recourse must then 
be had to observation to determine the lines which mark equal 
temperatures at the level of the sea, and the deviation of which 
from the parallels of latitude may in every case, when viewed 
comprehensively, be explained from surrounding circumstances. 

If we follow a parallel of latitude for some distance on land, 
we are sure of finding on it sooner or later a change of tempera- 
ture ; and if we persist in tracking the temperature we began 
with, we must of course quit the parallel, deviating from it either 
towards the pole or the equator. The line thus marking a gnide 
of mean temperature on the earth's surface is called an Isotherm 
(from the Greek ttro?, equal, and Bepfio^, hot). In order that 
Isotherms may be strictly comparable, they ought to be made at, 
or by correction reduced to, the same altitude, \iz. the level of 
the sea ; for change of temperature may be found not merely 
by going from the equator towards the pole or in the contrary 
direction, along the horizontal plane, but also by change of plaoe 
in the vertical plane. 

In ascending one of the snowy snnunits of the Himalaya (nr 
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Andes, we should pass in snGoession throiigih all the temperaturt's 
found between the equatorml fpgions and the poies. Thus wii 
may suppose the ciirdi invested with 4 nmnljL'r of isotlier- 
iiiid pkues of spHeroidul figin'Oy rirfing at Ihe equator ono above 
the otbtr, niid towards the poles BUCyesBively meetuig tlio level 
of the sea — the wholo flystem osdllfitiiig in tbo direction of tho 
meridinii with tho Bun'a declinatiou, and inanifoatin^rj at tho 
limits of the pktnee or the isothermal linea of tie earth's fturfatc, 
irregukrities which wo propose to stud}'. Thus on tlm sidu of 
Antisana^ in the Andfs, we find at tho elevation of 12,624 foot 
the isothermal plane of 41*^ Fahr., which in Juimary meettL the 
s<?a-IevL»I in tho Northern hemiRphoro a little to tho north of 
Moatpellier and Borth'aux, but iiuMay paeaoa through tho sum- 
mit of the Brocken to reach tho surftice near Tomeo and Arch- 
angel, and in Jtily mpcts the aeor-level at the middle of Bpita- 
bergen. The isothermal piano which following tho sun'n 
declination advances towards tho north polo, recedes at the aimie 
time from the south pole. The heights in the? atnio><[thoro wh]<:h 
separate the successive thermal planes cannot bo ikHnifriu^ with 
precision. For moderate heights the decreaw of tuunpt^nitjiro 
may be taken to bo ono degree for every 270 fdtt of elevation ; 
but at great heights the rate diminishes to a de^ce for '630 feet 

ThtiR isotherms traced by experience render manifest by their 
deviation from parallels of latitude, which are strictly fiymrantri- 
cal, the iiregnlar distribution of bpot on the earth's surface. 
From the position and courae of isothermal lines, marking mean 
temperatures, drawn on a map of tho world (see Plattj Q), it 
will be seen ; — 

1st. That the line of greatest heat, called by jiome the thermal 
equator, a not coutcidont with the equinoctial line, bat lied for 
the most port to the north of it ; Qud &lm that it is not 
constantly a singlo line^ hut at certain times and jilnce^ rotQmji 
upon itself so as to enclo^ a space of higher temperature, whit^ 
is merely lo<^ and does not go round the earth. 

2nd. The isotherms aboat the poles are not disposed JW aB to 
form circular ar^is, but rather irregutsr oompreMed ellipasB, u 
if they tended to arrange themselvi^ round two |}otc« of cohJ, 
one in North America, the oiber in Ho^ra Biberia. 
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3rd. They are comparatively rejvular in ihe soutliem hemi- 
sphere, where Iho ocean predominates ; and attain their greatest 
irregularity in the temperate and cold regions of tho northemhemi- 
sphere, where they pass from sea to Innd, and cross great continents. 

4th, IsothermSj following to aorae extt>nfc the sun's movement 
in dechnatiotij change their position and figure with the seasons ; 
and therefore b^' means of isotherms of the months wa may 
learn the gradual changes of heat in tlie earth throughout the 
year. T!ie isotherms of summer and winter w^ill show the mean 
limits of tejnperature in those seasons (Plates 4 & b)^ Those 
of tho north-^polar summer are given in fig. 68. 

The amplitude (or extent of variation) of the thermometer at 
any place is an element of 9o much importanco in tho estimate 
of its climate, thtit particular attention is duo to the isotherms of 
amnmer and winter^ respectively entitled Isothcres and Isochei- 
mones, though theso do not give the absolute extremes of 
temperature (which occur perhaps only once or twice in ayear), but 
the average extremes of three months. When the temperatures 
of the whole earth in all seasons, as marked out by isotherms, are 
fully considered, it becomes evident that some regions have more, 
some less heat than is dne to their position in respect of tho 
heavens. These regions may be separated in the map by lines 
joiniDg places with equal excess or defect of temperature. Tho 
lines of this new series are called Isanomals (of equal irregu- 
larity). With tho actual distribution of temperature over tho 
earth thns depicted on a map before our eyes, the irregul.irity 
of the isotherms being contrasted with tho regularity of the 
parallels of latitude, and illustrated by the onthnes of sea and 
land, we have no diffic?ulty in detecting, on the face of the earth 
itaelf, the cause of the diversion of heat into particular chimnelfij 
and of its imeqnal distribution over the globe. 

Isothermal lines at the sea-level are ordinarily double ; that is 
to say, isothermal planes intersect the sea-level at both sides of 
the equator, and lines marking the game temperature go round 
tho earth in huth hemispheres. But as the sun approaches tho 
tropics, tho extreme temperatures of the remoter pole disappear 
altogether from that which is nearer to the sun, and the hemi- 
spheres lose their thermal ftymtnetjy. About the equator a high 
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temperature is sometinics developed in spots marked bj lines 
wliich tlo not go roniTKl the cartb, but form irregular rings ; or 
the isothermal line ii^-ill soiiietimes divide and form a loop em- 
bracing a temperature liigber than any found elsewhere in the 
same zone. Let it be obson-ed that when isotherms on the map 
recede from the equatofj they carry a givea temperatnre neitrer 
to the pole) aJid show an increased w armth of climate ; when 
they bend towards the equator, a decJiuc of temperature ii§ to be 
thence ijiferred. Hence it follows thut if two isotherms lying 
one on each side of the equator, havp parallel deviations, they 
indicate a fall of temperature on one side^ and a rise on the 
other, "UTicn they Uo close together, they ^how a rapid change 
of temperature at right angles to their course. 

Since isotherms oscillate with the boh, they will reach their 
extreme positions in midwinter and midsnnmier, and their 
greatest ampKtades (or diflerences) of deviation will be found by 
compariiig the isothermal lined of Jontiary with those of July. 
Their mean position follows the equinoxes at a little distance ; 
and a& the autumnal equinox 'm little liable to disturbance, the 
igotherma of October may be regarded aa nearly representing 
the mean temperature of the earth. In attemptin^E to lay dowa 
the isotherms on u mup of thu world, the first step must be to 
endeavour to fix the position of the thermal equator or central 
line of greatest heot. There is, however, no continuous undi- 
vided Lino of highest temperature traceable round the earth, 
though there i* a zone of greatest heat. This lone, with a 
tcDiperature of 80*^ to 81°*5, never in the new world moves far 
from Yucatan or Central America. In summer it ditatee eo as 
to embrace within it all the islands and encircling coasts of iho 
West-Indian seas, Florida and Venezuela included. On the 
continents of Africa and Asia it expands considerably as heat 
increases ; so that in July it embraces iHie southern shores of the 
Mediterranean 8ea, and encloses an area of much higher 
temperature, a tract extending from Central Africa across tho 
Hed Sea to the eastern side of tho Persian Gulf, having a meat) 
temperature of 90^*5. It is tbea coUectively far north of tho 
equator' In January it contracts^ or perhaps disappears, in tho 
Eutem Pacific for a distance of 12 degrees; where the cold 
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i-polar curront flows that benrs the name of Humboldt. It 
}f0 mtlitAr Houth of the equator, its greatest breadtJi being 
Tneridians of New Guinea and Austrdia. 

The isotlioruinl linos draivn on the eartli between the regions 
of extreme heat and cold deviate bo frequently' and go much 
froEii regulur synimctriftil courses, tliat a minute vtrbal do&crij>- 
tion of them -ivodd probitblj bu tedious ratlier than satisfactory. 
They may be most adTjmtap;eou5ly studied in Dove's pliitea of 
the '* Monthly Isothprmal Currep." Here it will bo sutficient 
to call attention to those salient feutur^-ij of the isothtrnis which 
suggest at onco the natural causea to which all tbeir inodifi- 
catiouf? may be tniccd ; so that the space saved from descriptive 
details may be dovoted to explanation* 

In October, when the temperature of the earth is not far from 
its mean state, the isatherm of 32"^ Falir., or the freezing-point, 
is found at Behring's Straits just above the polar circle (lat. 66° 
33' K.). Thence it runs soutb-fastwarrl over the American con- 
tinent to long. 120° W. ; ha\ing crossed the Hocky Munntains, it 
takes a. more easterly course over the pouthcrn portion of Hud- 
son's Biiy, and reaches the coast of Labrador, near Nain, in Jat. 
fi(i° N., having thus moved 10^ 33' southwards in its pa£saga 
over the land. There, at the sea, it turns north-eastwrtrd, and, 
cuttinjr across the southern extreiuity of Greenland, holds its 
course along tho easteni coast of that country to the polar sea 
till it approaches a point three or four degrees to the north of 
North CnyiCf or to lat, 14P N., uurjing the same temperature 
from Labrador 18° further north. It there bends back in a very 
extraordinary maimer, running south-westwards along the co&st 
of Norway, till near the polar circle it turns inland, and resuming 
its easti\"ard course, passes near Torueo and Aj-cbangel ; on 
entering the vast Asiatic continent it again leans to tho south- 
east, and sinks near Nertehinsk to lat. 51° N. Tlience, ae it ap* 
jiroaohes the sea, it turns north-eastwards to the polar circle and 
Behring's Straits. The fell of temperature towards tho east 
thus indicated proceeds rapidly ou the lee side of Sciindinavio, 
where the sea-winds and vapours of the Atlantic are no longer 
felt. 

At the same date the isolhenn of 50° Fahr* is met with on 
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western coast of North America in lat. 51" N*, immediatolj 
above Vancouver Island. Entering the contineat from the west, 
it toms southwards till it has passed the Roctj Monotams, 
when it tatcs an eastward course till it reaches the Athintic 
Ocean. Here, owin^ to the warmth of the ocean, it tarns to the 
north-east, touches the 60th parallel of north latitude at the 
Shetland Islands, and then, winding round to the west of south, 
traversM Scotland and the eastern side of Irehtnd, from which, 
in lat. 52°, it goes oiF eastwards. In this direction it crosses 
England, henda on the continent of Europe a little towards tho 
south-east, tiU in the plains of Hungary it reaches the 46th 
parallel of latitude. It thence goes nenrly due east till, beyond 
the Caspian Sea, it again inclines to the south and approaches the 
40th parallel in the neighbourhood of Pekin ; a little further on, 
having reached the ocean, it inclines to the north-east till it 
regains the latitude of51°K. It is evident that the Shetland 
Islands owe it to the influence of the oc^an that they have in 
October as high a tcmperatnro as Pekin. 

In January the isotherm of 32° holds a conrso parallel to that 
jnat deserilrtil, but in general about 15° further south, the 
cold descending southward about 1350 miles. It includes Van- 
couver Island, &inks in the interior of the Aineritsm continent 
below the 40th parallel, and quits it to the south of Kew York. 
Then running north-eastwards over tie ocean to the 70lb paral- 
lel, it bencla southwards, grazing the coast of Norway near 
Bergen, parses sonth of Viennaj sinks in thy interior of Asia 
to tho 39th parnllel, tben, going south of Pokin to the ocean, 
bonds a little to the north-east, and crosses tho northern end of 
Nipon. He isotherms of lower temperattu-es art' arrangeil 
(nearer to tho [>ole) in courses generally parallel to that just 
described, but with one striking irregularity ; for after bending 
ronnd south-westwards at tho Scandinavian peninsula, suid thvii 
tnmiiig eastward-!, they make a second bend southwards on ap- 
proaching or entering Siberia, bo as to make way for that 
elongated tract of intense cold imitinii North America with the 
eastern part of the old world, already pointed out. 

In July, when tho hea:t of the northern hemiqihere has 
reached its tnaximum, the form and position of tlie described 
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isotliciTiia are completely changed. The isotherm of 32° retires 
lilto^ethcr from tlu* woW-kmtvm portions of the earth* That of 
50°, loaviug thn polar circle at Bcliring's Straita, runs E.&.E. 
across the Articriciin continent to Niiin on the coast of LahraJor, 
thcnco gops north-east to Iceland, rises as It pjissos over the 
Scandinavian peninsula, sinks a. little to the south of Novaya 
Zendya, then rises again as it vxms paraliol to the coast of 
Siberia, till in long* 165° E, it suddenly bonds Eouthwards, and, 
entering the ocfau to the eaj^t of Kamchatka, does not resume 
its eastward course till it meets the 4dad parallel. The isotherm 
of 5^° leaves lat. 40° '^. iu tlie middle of the Pacific Ocean, 
rises towards the north-west coast of America, there turns 
northwards, till in lat. Ga*^ it wheels round and runs east by 
BDUtli across the continent, reaching the Atlantic just to the 
south of Newfoimdiand. It then turns north-eashvard and east- 
ward through Ediuburjujh, bends more to tho north in crossing 
Scandinavia, then a h'ttlo to tho t^outh in the meridian of 
Novaya Zendya, then a^ain to the north, passing near Ust- 
ynnsk in lat. 70° N., and then drops southwards into the Sea of 
Okhotsk. Tho isotherm of 77° is found at lat. liO^ N. iia the 
middle of tho Pacific, rises gradually towards the coast of 
America, nearly rtiachcs the dOth parallel in the middle of that 
continent, then falls about 20 degn>es in tho Atlantic, rises 
:ig;iiii on approaching land, passes through tho northern half of 
the Mediterranean Sea, attains its greatest elevation (44°) at the 
eastern side of the Caspian Sea, and then sinks at a uniform rate 
by land and sea till it again rejoins the 20th parallel. 

The isothermal lines of the Southern heiriisphero may bu 
described with much more brevity, yet sutTicieutly far our pur^ 
pose. The isotherm of 77° Fahr. U found in October in the middle 
of tho Pacific Ocean, near the IHth parjdlo! of south latitude. It 
thence goes E.N.E> beyond the equator towards Central America, 
turns east-south -eastwards across the continent, so as to meet 
thu Atlantic in lat. 16^^ S. ; over the sea it again runs towards 
the equator^ again bends to the E.S.E. across Africa, and 
beyond Madagascar reaumes its course in the IHth piirallel. The 
isotherms marking lower temperaturea all bend in the aamo 
manner E.N.E, ou the eastern side of the Pacific and in tlie 



Atlantic Ocean, aud E.S,E. over th^ Amp-rican and African 
continents — ^biit in !i continually loss degree, tUl thut of 50°, pa&i- 
ing through I'atngoiiia and New Zealand, diflbrs in October 
little from d straight line. In Januarj-, the summor of tho 
southern hcmispbcrej it becomes more incurvated. Cold cur- 
rents from the South Polar Ocoan lower the temperature of the 
Pacific and. Atlantic oceans along the western cxmsts of South 
America and Africa. Hence the isotherms over thoso current* 
bend towards the equator ; but on crossing the land thev return 
to a more sonthero track. 

The iaothenns of the southern hemisphere mn generally oast 
and wP3t with little iiregularity. There is no Innd so t*itniite on 
the globe as to intercept an equatorial current aud corapol it to 
flow eouthward;^ Into liigh latitudes. But if Africa were united 
by a neck of land with Kerguelen Island (in lat. 41'°), the ktter, 
now named also the Land of Deeoktion, would assuredty owe to 
tho warm cnrrenta flowing round it a climate re&cmbling that of 
the fonth of France. 

In the isotherms jnst descrilicd it is easy to perceive tho 
influences respective! v exercised on temperature by land luid sea. 
The former, susceptible of the extremes of bent and cold, varies 
much from sununcr to winter, while the temperature of the sea 
nndergoes comparatively little change. In winter the isothenns 
across the Atlantic, in the northern hemisphere, tnm north- 
oaiftwards from the American caa.st, or recede from the equator, 
showing an increased warmth of climate over the ocean ; but in 
Bummer tho isotherms from Tropical America mn sontb-eost- 
wards towards the equator, proving that the ocean is then eool'^r 
than tho land, Tho isotherms ^m theAthintic when they enter 
on tlie continents of Europe and Asia, incline towards the south- 
Mst or north-eastj according as winter or sunamer temperature 
prevails over the land. 

But thh alt'erration of ocean and continent atfordit only a 
vague explanation of the curved conrses taken by the isothenns. 
To expliiin them in detail, it will be necejssary to consider tlio 
etlect^ of winds, currents, and other circunihtance.t. )\'hrn a 
wind affects climate by it« warmth or humidity, it in obvious 
that the lines marking the degrees or the limit of lU operation, 
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must lie at right angles to its direction. Hence it is not sur- 
prising that wlion n cold land-wind blows oflp the coast of Norway 
to the -n-jirmpr ocean, tlio isotherm passing over iliis oceari, 
cliitckiid in iU course, should wht'ol round and deseend tor soate 
distant along the coast, or thntj crossing the momitnins of Nor- 
way at a warmer son«on, it should turn southwards for some 
distftnco at tho li?o side of them (where the &pa-wiiid is no longer 
felt), or that, on tho confines of Northern Siberia, probably the 
extreme limit of ocejinic woatorly winds, it should run for a 
considerablo distance from north to poufh- 

It muat ha reniBraberod that tho isothermal lines drawn over 
the whole globe are founded on compitratively frw obHcrMitionj*. 
If a temperature frequently observed at kpu bo found on udjaccnt 
land much further south, the isotherm joining thoBC two obaer- 
vationa and running through diff(-^r<.mt latitudes, rcRts more on 
inference than observation. It probably marks a lino of very 
inconstant temperature and perpetually changing winds. 

Tho moet remarkable example of abnormal climate presents 
itself in Western Europe, which enjoys at all times a higher 
temperature than would belong to it, were toinperaturo the eamo 
all round the earth for the same season and Intitudr. Nor can 
this advanta;;e possessed by one portion of the globe be reason- 
ably ascribed to tho great extent of tho continent with which it 
19 connected and to the heat thereby accmuulated ; for there is 
no reason for hpEevin«; that dry Tand has any power of accumn- 
Inting heat, or that it does not pari; with heat as readily as it 
receives it. Tho collective temperature of the earth in July or 
the northern summer (59°"9) is greater than in Januar}"- or the 
southern summer (56°'o), bocansp, we are told, the extent of 
land in the northern hemisphere greatly increases its summer 
temperature. But surelj- it lowers in an equal degree its winter 
temperature ; and the comparison apparently instituted between 
the summers of the tno hemispheres involves also that of their 
winters. The frequent reference made to the predominance of 
land in tlie northern hemisphere as the cause of Us superior 
mca:i temperature must surely bo erroneous. Siberia is as 
remarkablo for its intense cold as Western Enrope is 
exemption from^ such rigour. In Temen (tho hottest pj 
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earth) the better class of the inhabitants wear furs in wint«rj and 
the cold is frcqaontly intense ot a moderate elevatigo. TVLererer, 
therefore, the nurthern honiisphere appears to h:ivo a peniiancat 
superiority in tenapeniitiro we must look for the explanation of 
this pbenonionon, not to tlip predominance of land;, which could 
unlj cause fluctuation within wide limits, hut in some dii^tnrhance 
of the hal^anco between sunshine and radiation, such us would 
arii^e from abundant vapour. 

Tbo iidvantages enjoyed in respect of mean temperature bv 
the northern hemispberej and more especially by Western 
"Europe, seem wholly tracvable to two causes, viz,: — lat, the 
great disparity l^tn-een the north and ?onth polar seas considered 
aa wntres whence cold is diffused throughout the ocean ; and, 
2nd, the figure of the Atlantic and Pacific oceans, of the former 
particularly, w^hieh arrests the equatorial current and compeb it 
to eircclate in tbe northern hemisphere. 

The Worth Polar Sea may he descnbed us a circular basin, 
3(> degrees in diameter, hemmed in by land on three fourths 
of its circumference J and sending ice to the ocean only throngh 
]Ja\Ts's Stj^ts and a narrow inshore tract of the Greenbnd Sea. 
Tlie South Polar Sea, on the other hand, is wholly unconfinod 
ftnd spreads its iee-tields oyer a circle ItH) degrees in diameter. 
Its cold currents are felt on the coasts of Chili and Peru, and in 
tho 'Atlantic, though they arc probably for the most part deep- 
seated and little apparent nt the sarfaoe. It can hardly bo 
doubted, then, tliat the equatorial ocean receives its chief ocoeft^ 
sion of cold water from tJie south, the consequence of which is 
that the line of m:iximnm oceanic temperature is pressed nort^l- 
wards. The temperature of the Atlantic, at a depth of 400 or 
500 feet below the surface, is, according to Lenz, greatest about 
the northern tropic, itnd thence sinks rapidly towards tho 
equator, so that Trthile in lat. 2ii° N, the thennometer marks 
76^*3 at tlic surface, and 60°'4 at a deptli of 80 fathoms, iu lat. 
3° it marks Sd'^'b at the surface, and at a depth of 80 fathoms 5tf^, 
the temperatun^ found at the same depth in lat, 40°, 

The prevalent doctrine that the high temperature of tho 
northern Atlantic is dno to tho land encompassing it, compels ns 
to reason in a videos drclc ; for it makee the heat of the land at 
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once the cause and tlio effect of torrid climait'. Thus we read in 
Sir John Horschera * Meteorology', p. Gl : — " In the Atlantic the 
disturHng influence of the continents is very sensibly ft4t. The 
great masa of Africa, and especially of its sandy and burning 
deserts, lies considerably north of the equator. These become 
intensely heated ; and their femperiitnro follows the sun much 
more closely than that of the aiia. There can bo no doubt that 
the medial line of the trades crosses Africa conaidorably to tha 
north of the equator, fuiJ that the anntial oscillation of the 
northern trades at least is very great, and tho influence extends 
to the neighbouring Atlantic." 

How, then, is this influence of the land extended to the ocean ? 
Is it by contact or conduction ? Impossible ; and the isother- 
mal lines &how ua that during the summer the Atlantic Ocean is 

■CI 

colder on its eastern side or towards the coast of Africa than on 
the west. Ja it then by means of the winds? Surely not. If 
winds like the trades be generated on ibe African continent, 
they never reach the $ea. There are no trado-nnnds near the 
coast of Africa ; but sea-breezes, or as some call them monsoons, 
blow directly on tho shore ; and when tho sun is neai- tho 
Northern Tropic, the aspiration of tho African continent is so 
strong as to check tho force of the trade-winds nearly across tho 
Atlantic. Tlie heat of the Old World attains its maximum at the 
e-ostem side of Africa, Arabia being its centre, and diminislips 
towards the west ; and it can hardly be supposed to bo propagated 
in tho direction in which it decreases. The burning deserts of 
Northern Afric-t lie under the Tropic, their southern limit being 
in about lat. 17°N., while the median line of the trado-winds has 
its mean position in lat. 7° N., oscillating through only 3 or 4 
degrees while the sun goes through 47°. 

On tho distribution of temperatm-e over tho globe depends tho 
variable weight of tho atmosphere, which is rarefied by heat and 
condensed by cold ; its weight therefore at any part changes with 
seasons, shifting periodically from one hemisphere to the otlier, 
and in a still greater degree from sea to land and from land to 
sea. The changes that take place in the weight of the atmo- 
sphere give birth to tho winds ; and thcao carry tho sea-bom 
tains to their destination. Thua tho chief phenomena of climate 
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hmg together in intimate sequence, but so complieatod by con- 
ditions of acciJuntal tharacterj that to follow them in connected 
detail witldn moderate limits would be quite impossible^ But 
the student of Phj.sical Geography ought to keep constantly in 
view the relatloiiidup existing lietween the thermometer, the 
baromet<?r, and the rain-gangej and to study their mutual 
influence. 

A glance at tho Isobaronietric lines (or lines of equal atmo- 
gpheric pressure as mejL-inred by the tmrometer) for the mean of 
the year (Plate S) dijcoTPr^ at once that the atmoj^phere is lightest 
at the poles, being heavier, however, at the northern than at the 
Southern pole. It lies heaviest on the oceaii^ and esj>eeially on 
the North AtL-mtic ; and the position of the maximum weight 
outside of the tropics, pointa e^ndentJy to the action of centri- 
fugal force. The depression about the equntor is as dearly 
attributable to the ascending current in the zone of raius. In 
Central Asia and India are low pressures with high pressures on 
both sides. This marks a stage of transition. The centres of 
low pressure still remain, though high pressures advance to expel 
them. The isobars of July, compared with those of January', 
(Plates 1&. 2), exhibit in the plainest manner the altered condition 
of the atmosphere — ^A^fa, the greater part of Europe and North 
America ha\ing, in the former month a low, in the latter a very^ 
high barometer. This last explains to us why, in early spring, 
when a new adjustment of the atmosphere commences, east 
winds are so prevalent. The accumulation o^ er Sil>eria, contined 
by momitaiuiS on the eonth and east, then flows off toward? the 
west. 




"Windfl. — Land- aud SeB-treezeg — Low caused — aspiiatedor propelled. — The 
Trad^j-Wiiida — tbeJr liniita in tlie Atlantic — id the Pacific Ocean. — 
Defleclitin of liie Winds. — Eflecte of tlie Earih'fi. rotntion. — Revolution of 
the Plane of OsciUutioii. — Belt of Oiilraii. — Tlie returning' Winda or Up 
Trades — winda neither polar aor eq^uatoiid. — Zone of Tropica! Colma. — 
Maury'e Theories, 

WisD is a pluiiily pcrcepfible cuiroiit. of lur in tJio atmosphere, 
ordinarily cjuiscd by iiit^qimlity in tbo temperatures of adjoining 
rt'gtous. If :i column of :iir anywhere receives an accession of 
heat, it dilates, and, confined on all sides by the surrounding aiTj 
it rises ahovD thu general level and Hows over. Thua losing 
some of ita moss, it becomes b'ghter than tho u^jacc'nt cooler airj 
whicli restores equilibrium by flowing into it below — the warmer 
air running in a current to tlie cooler air above, while the latter 
hiistviis iu a current to tlu) former near the grotind* The flow of 
air caused by heat is a familiar phenomenon^ The fire lighted in 
a ruoni creates a strong current or wind, which ascends tho 
chimney. The draught of air from a cold to a warm room is felt 
at once j and tho flame of a taper will show that the cool air 
enters th© warm room at the bottom of the doorj while the heated 
air makes ita way out at tlio top* Thus every disturbance of 
teniperature in the atmosphcro is followed by a circulation of air, 
which on attaining a certain magnitude is called wind. 

The connexion of wind with tho teraporaturo of tho air is 
exemplified in tho plainest manner by the sea- and land-brdtzes 
eo regularly occurring on coasts, and especially ou the eoastj of 
islands in low latilndeg. As tho .?un rises the land alssorbs beat^ 
and the air above it growing warmer than that over the sea, 
ascends and gives way to an inflowing cooler ciurent, drawn 
perpendicularly on the *;hore. This is the sGa-brocxe. Towards 
'evening, lis the boat declines, tho sea-breeze dies away ; the land 
rapidly cools, iuid at sunsvt the aeriid cuiTcnt changes, and bo- 
gins to flow from the land to the now warmer sea, this land- 
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brcezo growing stronger till the time of tLe maximnm cold or a 
little before sumi^e. It then gnddenly ceases and is succeeded 
by the sea-breezp. 

Itese alternating daily winds are well described by Dampier 
in the following words : — " The sea-breezes commonly rise in the 
mominfc abont 9 o'clock, sometimes sooner, sometimes luter. 
Tliej' first approach the shore as gently as if they were afraid to 
come near it ; and oftentimes they make some faint breatHngSj 
and as if not willing fo offend, they make a halt and seem willing 
to retire, I have waited many a time both ashore to receive the 
pleasnrOj and at sea to take the benefit of it." 

'* It comes in a fair Bmall black curl upon the water^ while the 
sea between it and the shore is as smooth and even as glass. In 
half an hour's time after it has reached the shore it fans pretty 
briskly, and so increases gradually till 12 o'clock^ when it is 
commonly strongest, and lasts so till 2 or 3 a very brisk gale ; 
at the same time it veers off to sea two or three points or morfl 
in very fiur weather. After 3 o'clock it begins to die away 
vgain^ and gradually ^i-ithdraws its force, till all b spent ; and 
about 5 o'clock, sooner or later, according to the weather, it is 
lulled asleep and comes no more till tlie nest morning."' 

" Land-breezes are as remarkable and rjnite contrary to the 
sea-breezes ; for when the latter have performed their offices of 
the day, by breathing on their respective coasts, they retire in 
the evening or lie down to rest j when the land-winds, whoee 
office is to breathe in the night, moved by the same order of 
divine impnlse, do ronso out of their private reoeseee, and gently 
fan the air till the next morning ; and then their task ends, and 
they leave the stage." 

Ho goes on to say that "these alternating breezes are as 
T^j^tilar as day and night," which may be true at any ono place ; 
but in different jikcea they exhibit much varietj% On the 
eastern sides of islands within the tropics, the sea-breezes are 
much Ttrongefr mid the land-winds much weaker than on ihc 
western, becanse the former are reinforced, the latter opposed, 
by tlie prevailing wind of low latitudes. The same breezes are 
partioal&rly s^ong on promontories, on which many currente 
may converge, while they are feeble or disappear altogether in 
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deep bays. Thej have littlo height, and, however freshly thoj- 
mav IjIotv', never affect the clouds. It is related by M. von 
Bncb, ihat at Lnguna in Teneriffe ho f^aw two windmills a little 
distance asandcr, one of which, on the summit of the hill, \yas 
always turned to face the constant uorth-wogt wind, while the 
other, hallwiiy down, about 9<^X) feet nbovo the sea, as constantly 
faced the aea-lireeze from tlie south. 

These alternating windg, arising from the daily variation in 
the relative temperatures of land and sea, are not strictly con- 
fined fo tropical regions, but may Iw found on any coast under a 
hot 5un and clear sky. They are observiible in many parts of 
the Mediterranean Sea. The movements of the Corsican fisher- 
men in the Bay of Afaccio are regulated wholly by them. It haa 
been remarked on the coast of Holland that during the day the 
wind inclines to the land more than at night ; and traces of el 
similar variation were found by Scoresby even on the eastern 
coast of Greenland. Sea- and Land-breezes blow at tiroes on the 
Swiss and North-American lakes. On the southern shore of 
Lake Erie a sea-breeze is felt at a distance of 25 miles. But it 
is not bet%veen sea and land alono that vicissitudes of temperature 
take plaa^j which nianifebt themselves by the winds they give 
birth to. In b. moimtainous district, the exposed snnimita and 
the sheltered valley;*, bare rocks and dense forest^;, the slopes 
faeino; the sun and those turned from it all differ In the course 
of their varying temperatures ; and consequently in every alpine 
country each valley has its peculiar periodical breeze, all eon- 
forming to the general rule that the wami air flows to the <mo1 
air above, while the cold current in tho opposito course runs 
below. Thns the circulation of air caused by differences of 
temperature is fully proved by experience. 

Wiuds considered as io the manner of their origin, may be 
described as aspirated or propelled. We may conceive of a cur- 
rent of air drawn to a point or forcibly driven to it. These two 
eases are not always easily distinguitihable, as attraction and 
imfmise intimately correspond and oiten coexist. But it is evi- 
dent that aspirated windti drawn by increase of temperature are 
propagated bacliwards. If a warm south wind suddenly appears 
in England, it will probably be found that it was first felt in the 
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northj perhaps first at Aberdeen, then a day later ot Edinburgh, 
then at York, and finally in London. Bat In judfring of the 
eonrce of the ivind, its defloction must not bo overlooked, A 
South wind mast come more or less from the oast of Boutb, a 
west wind from the south of west, the curvature of its course 
being inverj^ely as the gtrengtli of the wind. As aspiratioD 
generally proceeds from limd, or in low Jntitudes from the scr- 
face of the sea, winds prodnced by it belong to the lower regions 
of the atmosphere. The down trades and all monsoon winds 
may b© regarded as low wind.> and are always moderate till 
interfered with by enrront* from above. 

The hottost part of the varih is that whereon the sun's rays 
fall vertically, or whtro the lominary at noon is in or very near 
the zenith. That is eridontly the equatorial zono, lying between 
the tropica^ and having always some line directly beneath the 
Sim's p^th. On the earth's surface, indeed, the maxlmuni heat 
at the tropics exceeds that ever experienced at the equator, where 
dense clouds evermore intercept the solar rays. But the depres- 
sion of temperattu^ due to clouds and eraporation is confined 
to the surface of the ground. Yi& may bo assured that above 
the clonds solar heat attains its maximxun at the eqnator, aod 
tiat it there operates efiechuJly, the evaporation below corre- 
sponding to tho heat and absorptive; power of the atmoitphcro 
above, while at the same time enrrents of air or winds msh from 
both hemispheres to make good what has been carried off by the 
ascending vapour. 

These regubr windsj blowing towaTds the equator from both 
hemispheres with a steadiness favourable ta navigation, hu've 
been on that account named the trade-winds, or i>imply the Traden, 
Discovered by the Portuguese in the 15tb centun', thev were 
still so little known ijj the 16th, that the companions of Cotombtu 
wero alarmed by their constanc}', so strange and miaccomitablc 
did it appear, and so likely to baffle their endeavours to return 
homewards. The region in which these winds prevail has a 
mean breadth of about 45 degree*, chan^ng its position to 
the north or fionth according to the season, and thus em- 
bracing within Its extreme Hmits at least 6(1 degrees. The 
lines that mark its bounds do not coincide with parallels of 
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latihitle, but ratbor with isotherms or lines marking equal 

tornpcraturps (from 72°' to 77° Falir.), They extpud further 
from tbo equator in the northern than in tho ^uuthprubemisjihere, 
and in tho Atlantic than in the Pacific Oceau. The mean 
northern limit of the trade-winds in the Atlantic lies in summer 
(September) in lat. 32° N,, in winter (December) in lat. 23°. 
Oil the eastern side, bowever, of tbo same oeeaQj tho trade-wind 
in summor reaches the shores of Spain and Portugal (lat. 3(>° !N.)^ 
or oven to tho Azores (lat. 39° N.). Ships from Europe bomid 
to America, expect at that season to fall in with tho trades soine- 
whero between tho Azores and Madc-ira* They take eare to keep 
st a distanciB from tho coast of Africa, whero the wind i? not 
onlj weaker, but frequently veera round to the north or north- 
west ; that is to say^ ifc tcnd3 to become a sea-breeze on the 
Airican shore. In ivuifcerj when the sun goin^ southwards is 
followed by the whole ej'stem of regular winds, tho trade-wind 
in thfi northern hemisphere retires within its lowest limits. (See 
Plate 7.) 

In the sonfhem heTni&phore, on the othnr handj, the outer 
summer limit of the trafle-winds iii tho Atlantic Ocean is fuund 



on die eastern sido noar Africa, in lat. 26° or 



30°, on the 
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westem side in lat. 32° S* If^ limits in winter (tlio smnmer of 
the northern hemisphere) lie somewhere about the 18th parallel S. 
The belt of calnts wliich separates tho trade-winds of the two 
hemispheres being always north of tho equator, tho southern 
trades occupy a broader tract ; they also blow with more strongth, 
and make consequently a (greater angle with the equator, or have 
less of east in them than the corresponding winds of the northern 
hemisphere. 

In the Pacific Goean the zone of trade-windis is somowhitt 
narrower than in the Atlantic, and lies further to the south. Tho 
belt of ealms, with a breadth of about fivo degrees, oscillates 
annually between lat. 2^ y. and S^ N. ; while the mean limits of 
the trades on both sides are in lat, 26° — the north -east wind 
fluctuating between 21^ and 31"^ N. lat., the south-east between 
2^6^ and 33"^ S. Lit. But the latter is much interfered with by 
the numerous groups of islands scattered over the Great Ocean 
Bouth of the equator ; so that it blows with regularity only over 
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a distance of about 50 degrees from the Galapagcra to tbo 
Marqno&Of Islands, wliile the dominion of the north-east wind nt 
the other side of the equator extends 75 dt-crrees further west. 
It was owins to the constancy and modoration of the winds be- 
tween Acapuico on the American continent, and Manilk in the 
Indian arehipelago, that the Spaniards who first- navi^ted tbo 
Great Ocean entitled it " The Pacific." In the Indian eeas, 
&^ath of Afiia, the system of the trade-winds is ihrown into dis- 
order, the South-east wind alone maintmning its position be- 
tween Anstralia and Africa^ The trade-winda never reach within 
150 miles of the western shores of America. * 

The trade-wind or current of air which flows to supply the 
ascending current at the equator, mav be supposed to move in 
the first instance along the meridian ; but it cacnot long persist 
in that course. AJI movements about the earth, made by bodies 
not strictly attached to it, are more or less deflected from their 
orij^inal direction, with respect to the earth's snrfacCjby the rota- 
tion of the globe. The eiFccts of rotation are threefold : — First, 
since the circles of latitude between the equator and the poles 
revolve with velocities differing as the cosines of latitude, the 
direction of motion from one latitude to another is affected by 
this discordance. Secondly, rotation gives birth, as has been 
ab'eady explained, to centrifugal force, whence arises an impulsn 
towards the equator, attaining its maximum in lat. 45°. Hirdly, 
rotation creates a constant tendency to change of direction in 
rectilinear motions at any fixed point. 
Y Since the earth rotates on its axis from west to east in 24 
hoars, every point on its surface has a velocity in that direction 
proportional to its distance from the axis, or to its cosine of 
latitude. Consequently, if a man could soar in the air at absolute 
rest, wholly unaffi^tcd by the rotation of the globe, he would see 
the earth's surface fly by him with the velocity, at the eqnator, 
of 17 miles in a minute ; in hit. Gif, with half of that speed ; 
while at the pole it would wheel round with only half the speed 
of the hour hand of an ordinar\' clock. The ^uppo^ spectator 
would see the earth turning tawards the east, while he himself, 
seen from its surface, would appear to go westwards, and with 
greater velocity the nearer the eqnator. 

.Bat suppose him to start from a point on the earth at the 
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equator (A^ fig. 69), and to fly northwards in tbe direction of 

the meridian with a. speed of 15 

dcgriWSj or aLoiit 900 ^po- ^' 

gni[iliical luilt^a in an hour. 

Now his startin rr-fioint goes east- 

M-ards at tho s-iinc rjite. In an 

hour ho has adviinced on his 

northerly course 15de^ees,and 

retaining the velocity also of his 

starting- J) ointj he will have gone in four hours 00° to the north 

and 60° to the east. But the degree in lat. (»0° heing only half 

of the equatorial degree, to will alight in that latitude! on the 

120th meridian, or 60° east of tha meridian which might have 

t>een reached on the equator. With equal velocity to tho N^ and 

the B.J his course will he tho diagonal of tho parallelogram 

A B C D, In short, a body sharing the earth's rotation, mustj 

in going from greater to less circles (that is to sav, from lower 

to higher latitudes), carry with it an excess of rotatory velocity 

which will set it to the east of the meridian from which It started | 

or to the west if it goes from less to greater circieSj or from the 

polo to the equator. This deflection is always to the r mht bard in 

tbe northern^ to the left in the soutliem hemisphere. (Sfti fig. 70.) 

Tbe trade-winds, therefore, blowing from lat, 30^ towards the 

equator, bend westwards, and becomt?, in 

general terms, N.E. ^vinds in the northern, ^'P"- '0- 

S.E. winds in tJic southern hemiii.phere. 

The deflection in question is obvionsly 
dependent on two forces, viz. the primary 
impuls*^ along the meridian, which may 
vary, and that dui' to rotation^ invariable xi- 
for each latitude. Hence the degree of 
inflection varies inversely as the meridional 
impulse, increasing as that decreases, and 
ince vej'6d. The stronger wind has tho 
stniighter course. 

The S.E. trade-wind, being a stronger wind, has consequently 
a straighter course than the north-east, and meets the equator at 
a greater angle. The independent movement of the atmosphere 
being restrained by friction with tho eartii, the deflection of it 
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MUNUii is nofc always what tho rotation of the earth could 
acconnt for. The rate of deflection, being dependent on the dif- 
ferences of tho succe^isiTe degrees of hititude, is greatest near the 
pole, and diminishes towards the equator, hut up to this line It 
never whollv ceases. The deflection once acquired rem:];ii]s 
though not increasing. Thu^ the trade-wind north of tho etimitor 
blows persistently from Bomo point het^veen the nortli and cast 
In fact; in the Atlantic it rariea from N.N^E. on the eastern sido 
pear Africa, to dae cast at its western Iimitg. 

The eeutrifngal force generated by the rotation of tho globe 
has been already described (p. 121), vrith its laws and mode of 
operation. Being weak in comparison with grayitr, to whidi 
it is always opposed, its eftects are nmch Ipss obvious. 

The third effect of rotation haa hitlierto attracted little notice. 
It seems impossible to de'^'ise any mode of stisiiending a pendn- 
]nni which shall leave it completely at liberty and excrtise no 
control over its motion. Yet, if the cord that holds it lie long 
and flexible, a pendulum may Tibrate for a cooHderablo time lie- 
fore its tendency is materially interfered with by the Hxedneae 
ofits Eu^penfiiou. NoWj were a pendulum to vibrate, sa^>eaded 
exactly over the pole of tho earth, and not in the lea^t restrained 
at the point of suspension, its plane of o^cilhition wooM be seen 
to revolve completely in 24 hour^. 

It would move round in the same direction as the hands of a 
watch. If the pendidum be hung over the centre of the divided 
circle (L N, fig. 71), and swung in the direction a 6, it will be 
seen to move with every osdllation {roai ab to 
the position of erf, and thence again to ef. At 
the pole tho plane of oscillation will thus revolve 
completely in ^4 bour^. In reality, snppoang it 
to be in no degree aftected !>y its connexion 
with the earth, it^ plant? of oscilhition remains 
ahsolntely michanged in genemi space, while the 
earth beneath it tarns round from west to east ; 
bnt to an observer on the earth, the ground he Kland^ on B*wnm 
to be perfecti}' fisedy while the plane of ost^illation moves hi the 
opposite direction. 8uch is tho phenomenon which mif^ bo 
seen ut the fiole. But south of that point the revolution of the 
ascHiatory movement grows slower continually, till at the Lqnutor 
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it ceases altogetlier. The rovolation la. qaeation bning in realitj 
that of the eartt, is uniform on any parallel of latitade or circlo 
pf rppndifular f o the oartli'i axis ; sind tlif? hoi'iznn at the polo is in 
that category. Tlit-ro tho plane of oscilhititjii rtsvolvea with tlie 
ejirth at the rate of about 15 dogreps in nn hour. But if from 
tho polo wo go southwards to nny point, Z (fig. 72), the pendu- 
lum will now han;^ perpcudicular to 
Z^, the tiLugimt of lotitudi; or horixon. 
But Zp {tho tajigf^nt continuod till it 
meets the parth'sasis P u) iM'ing the hy- 
pothi-'uuso of tilt! right-angled triaiiglo 
of which Z r (tho cosino of latitude) is 
a aide, must bo jjreater than the latter ; 
yet tho oirck's of wliich Zji and Zr 

respectively are radii, Loth revolving on the earth's nxia, move 
together at their cirenmfcreneea. If we place these in contact 
(iig. 73), it will b<! manifest that 15° of the 
smaller circle of which Z r is tiie radius, will 
ho less than 15° measured on the circumftT- 
encti of the circle described with the radius 
Zp. The rate of revolution of Zr, when 
measured on or transferred to the scale of 
Zp the tangent, will Ik* diininisbed in tho 
ratio of Zp to Zr, But Zp is to Zr as 
Z o,_tho radius (fig. 72), to r o = Z j» (the sine of latitude). Thus 
it a^ipears that the rate of change of the plane of oscillation varies 
as the sine of latitude ; and consequently ita rate at any place 
may bo found bj multiplyincr 15°'0411, the mean hourly rate of 
the diurnal revolution, by that sine. For experinienhil proofs of 
this theory, the follo^\ing examples will auttice :■ — 
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Lftt. 


Sine. 


Revolution. 


Ceylon 
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New York . 


.. 40 -14 


•fi52;nH0 


9-733 




Greneva 


.. 4i; 12 


■7217003 


10-522 




Paris 


.. 4R 5 


•7527J18f) 


11-500 




Bristol 


.. ni 47 


'7S5G771) 


11 '"HS 






., b'.i ''0 


•K02123JJ 


11*!^I15 
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.. 57 9 
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12-70<.> 





.lJ 



172 PHYSICAL GEOOBAPHY. 

It has been erronoonslv stated, in reference to the effects of 
the earth's rotation, tliat the tendency to deviate from rectilinear 
motion is alike in all directions. Bat that is manifestly incorrect. 
The three modes of deflection pointed oat in &e preceding pages 
differ much in energy ; and the most energetic (deflection by 
change of latitude) is alone evident to common experience. 
The winds wherever they are traced, change direction as they 
change latitude. They are commonly distingoished as equatorial 
and polar winds j but as north and south winds they cannot long 
continue. Everywhere the prevailing winds have originated 
from one or the other of these, and have been deflected by 
change of latitude. Thert is no direct correspondence between 
the pole and equator ; indeed it seems naturally impossible for a 
wind from the pole to arrive at the equator, or one from the 
equator to reach the pole. The former would become an east 
wind, the latter a west wind before accomplishing two thirds of 
the way to the proposed goal. 

The trade-winds increase in force towards the belt of calms, 
or, considering that they are called into existence by aspiration, 
it would perhaps be more correct to say that they are strongest 
where first called for, and grow weaker as their distance from 
that line increases. Brisk breezes when first fallen in with at 
their outer limits, they grow stronger towards the equator, till 
they almost become gales. This is particulariy true of the S.E. 
trade-wind, which, in the middle and at the western side of the 
Atlantic, blows over a much longer course, and more steadilr, 
than the corresponding wind in the northern hemisphere. The 
S.E. wind rushing from the icy seas of the south polar ocean to 
the heated waters of the equatorial zone, has much more strength 
than the N.E., the sources of which in the northern Athintic lie 
close to the warm Gulf-stream. The latter wind, most developed 
near the coast of Portugal in lat. 3G°, retires southwards, grows 
feebler, and veers more to the east whenever approached on the 
west by that warm current. 

The south-eastern trade-wind beginning where the cold cur- 
rent from the south ])oie shows itself near the Cape of Grood 
Hope, and crossing the equator to nearly 10° N. lat. when the 
sun is in northern declination, sweeps nearly 40° of latitude with 
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little change of direction ; and tfaoDgh at another season it r^res 
soadLwards, it never ceases to be a strong wind. On thp eastern 
side of the Atlantic land-breezes (westerlr l^^n.ds) prevail to a 
distance of 100 or 150 miles from the African oo&st. On tho 
WMtem side the south-east wind leans to the American continent, 
and at length the two trade-winds enter the Caribbean Sea, 
united as an ea^t wind, the belt of cahns diKippearing altogether. 

The zone of vapour-laden and ascending atmosphere, named 
" the Belt of CalniSj" or " of the Rains,'' Ijeing created by the 
exwssive he-it in the snn's path, necessarily follows the line of 
maximum insolation. But phenomena of a cumulative kind, or 
the results of continued action^ require'time for their manifesta- 
tion ; and thus the line of ascending ntmosphero does not at onco 
follow the sun's change of declination- Bat set at length m 
motion as the sun approaches the tropic, it has advanoed, but a 
Jittlo way when it meets the returning luminary, and therefore 
ite oscillation^ instead of extending from tropic to tropic, is con- 
fined within comparatively narrow limita. The belt of calms in 
the Atlantic Ocean lies always on the northern side of the 
equator, its estreuio limits l>eing 1°*45 and 1 1°'20 N. lat. 
When reduced to its least breadth (in January) it extends about 
two degrees northwards from the former of those limit-s ; when 
at its greatest (in August.) it reaches the latter limit with a 
breadth of about 8 degrees. Li this condition it remains till 
October, its mean position being about six and a half degrees 
north of tho equator. In winter, or from January to April, it 
grows narrower, and also goes southward about 4 degrees. But 
in truth tho ]>osition of this zone and its limits change with tho 
longitude^ so that the accounts given of them by navigators 
vary not a little. In the Paciiic Ocean the belt of calms aimually 
touches, or perhaps even goes sontb of the equator, its mean 
position, however, being 3 degrees north of that line* In the 
Indian Ocean it disappears during tho S.W. monsoon, when the 
sun is in northern declination, and for the remainder of tho year 
lies 10 or V2 degrees south of the equator. 

The fact that tho mean position of the belt of calms and mine 
including tlio lino of most active evaporation, by many called 
the Thermal Equator, is in tho Atlantic Ocean not at the cqui- 
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noctiol line, but in all spEigons to the north of it^ la too rcnuu-kable 
1o be allowed to jtass ivithoHt comuicnL Some would account 
for it hy arguing that the northern hemisphere having most land, 
must also have the highest temjjcniture, and therefore that the 
line marking the highei?t temperature must he wholly Trithiii that 
hemis]»here. But there is no ground for attributing a higher 
mean annual temperature to land than to gea. Land is indeed 
more stisceptiblo of extreme temperatures than wa.ter ; and 
excesses of beat are evLTjnivbere more aoted tlian those^ chiefly 
nocturnal, of cold. Besides, if the northern hemisphere possessed 
more heat than the southern, might we not expect thitt Ha 
thennal limits would be thereby enlarged rather than contracted ? 
The line of the sun's greatest power being unquestionabjv at the 
equator, can^ it be supposed that the indirect beat ol' the northern 
hemisphere, itself derived from the sim, eiceedg at anv point and 
overpowers the lurainarvV lUrect influence? Others assume that 
the heat of the Alrioau (Sahara affects the adjacent ocean. But in 
the Intitudo of tiie great desert of Nortbem Africa the ocean 
exhibits no sign of an abnormal increase of teniperatore. 
Neither the Atlantic Ocean nor the Meditemmean Sea uwu any 
increase of temjierature to the sands of the Sahara. How cnn 
the heat of the desert, the mean teniperature of which is perhaps 
not excessive, reach the ocean ? Sot certaudy bj conduction 
through the ground, nor vet through the atmosphere ; for by 
day sea-breestes cool the shores of the desert in which at night 
the traveller's water-bags arc often frozen. 

The truth seems to bo that the position of the zone of 
cquiLtorial calms, and of the line of greatest evaporation, north of 
the central line is due to the preponderant influenct* of the south 
polar ocean. It is determined by the concurrent influences of 
oceanic temperature and of the trade-winds. It will be sieen in 
a chart showing the temperatures of the Atlantic Ocean, that the 
iftotherms bend shar|>ly to the Korth Polar Sea, marking a warm 
cnrreot which replenishes the northern ludf of that ocean witli 
waters from the eqtiator. But in the Southern Atlantic the 
i»Dthenns bend from the pole to the equator, the cold crarent 
apparently running N.X.E. to the Gidl" of Guinea. 2^ovf the 
trudi>winda and the zone that separates them iitc marked out 
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precisely by isothprmal lines. The former start from the isothenii 
oi^72°'b or 77° Ftibr. According to season ; tho IuUlt Heg tiliout 
tbiit of 81°'5* Owing to the cdd current running toward§ thu 
Uult" ol" Guiuc'iiy tho maximum temperature of the ocean ami the 
hue of greatest evaporation iivtf driven north of the equator and 
furthest on the eastern pide , where the inequahty of tomperuturo 
is most plainly manifested. The belt of cahiis is iiarrowor aud 
liea further BOuth on the western side of the ocean ; indeed in 
that ([uarter it evfU occiisionalU- oonies S. of tho yqiuitor. Its 
gCJlpral obHquity in obviously tbe rt'sult of tho oblique isotbermB 
in tho Bouthorn Atlantic. "When tho winds from the two hemi- 
FpherL*^ are unequal in foreo, the strongtT of coitrso passes the 
equator ; Jind, the vapour driven befon^ them inu&tlie accumulated 
wbare they meet. In tho Atlantic Ocean the south-east trade, 
huing the stronger wind, shows its influence in the position of 
the northern and moro variable limit of tbe zone of vapour. 
Tlie southern limit, much less fluctuating, may perbaps he more 
closely connected with the ]inc of highest temperature and 
ev(ip oration. 

In the Pacific Ocean the opposing trade-winds are less unequal ; 
nor is there 6o strong a contrast between the temperatures of the 
oceans to the N. and iS., 45nd consequently the belt of cahns h 
less removed from a central position. The Indian Ocean fuUy 
show's how little the preponderance of land avails towards placing 
tho belt of eabns north of the equator ; for during the S,W. 
monsoon, when the N.E. trade disappears, tbat belt vanishes 
also. But during the N.E. monsoon (the regular trade-wind) 
tbe belt rotirt^s from the uorthem continent, and is found in lat. 
10*^ or 12'^ S.j tho 8.E. ti-ade^ enfeebled by having the Australian 
continent at its sonrceiSj, being thoro a weaJt wind. 

Navigation in tho trades is rendered agreeable by the fresh 
steady wind and clear f;ky, varied by a few brilliant cloud.s at a 
great height, their shadows flying picturesquely over tho waves. 
This description is most appticable to the outer portion of the 
zone ; for as the colnie are approached the clouds thicken, and 
heavy rain grows fretjuent. Bnt in geueral the atmosphere of 
the trade;; is as exhilarating and grateful to the seaman as that 
of the calms Js loathsome and depressuig. In tlie latter xq 
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which sailors, to express tile weariness felt in it, (sJl " the 
Doldrums/' the constant gloom, the oppressive sultrj- heat, the 
apparent gtagnation of the eea (often fetid at the surface), and 
the heavy languor of all nature, interrapted only by tornadoes 
or Tiolent thimderstornis Tvith drenching rain, are painfully 
tedious and more distreasing than tkc roughest weather. 

Within this Leit of rains all beneath, the clouds is dismal and 
lifeless* But a xery difl'erent spectacle might doubtless be seen 
in the upper region of the atmosphere. TherPj brilliantly 
illumiiiated masses of fleecy vapour, like mountains of snow- 
white foam, incessantly rise to riow, we may be assured, and 
qoickened by the sun's rays, flow off to higher latitude?, borne 
by upper currents rptuming to replace those that flow in below. 
The altitude at which this overflow of haniid and heated air 
takes place cannot he learned by observation. But since in 
temperate latitudes clouds may be occasionally seen at a height 
of at least 40,000 feet, or 7^ miles, it can hardly be doubted that 
at the equator, where tho cloud-raising agencies put forth all 
ttieir strength, tho vapour-bearing currents probably reach that 
elevation. Thence the sea of clouds flows off in a direction per- 
p*ndicnlar to the hne of accumulation, and therefore nueridional. 
The wind that bears it is deflected, however, in its course, as 
already explained, owing to the rotation of the earth, bending to 
the right-hand in tlie northern, to the lef(>-hand in the southern 
hemisphere — that is to say, towards the east ; so tliat when, 
descending continually in its course to higher btitndes, it at 
length reaches the surface of the earth, beyond the outer limit 
of the trades, or in general about the 40th parallel of latitude, 
it is a sonth-west wind in tho northern hemisphere^ a north-west 
wind south of the equator. 

The aerial current which ascends from the belt of equatorial 
calms is laden with the collected vapour of the intertropical ocean, 
and is therefure fully saturated* It may part with eorao of this 
Tftponr on rising to a great altitude ; hut that effect of reduced 
temperature is then in some measure cou nt*^'r acted by reduciMi 
pressure, and aqueous vapour has the power of retaining the 
gaseous form at a temperature much below that wlncli is necea- 
eaiy for lis formation. On leaving the zone of great«gt heat it 
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gradually descends, bo that on its cour&e from its elevated start- 
ing-point till it reaches the surface of the earth it probably 
undergoes little change of temperature. As it goes northwards, 
howpver, some of its humidity must be precipitated. This con- 
densation of vapour sets free latent heat, which gives fresh 
elasticity to what remains. The zones of the earth also con- 
tinually grow lesSj 60 that with the decrease of the humidity 
conveyed decrea.aes also the area to be supplied. Thus the 
south-west wind in the ncrth?rn hemisphere, wherever it pro- 
ceeds from the ocean, is a humid and warm wind. Tliese 
equatorial winds, returning from the belt of calms to temperate 
latitudes, change position with the season, moving northward or 
southward in the same manner aa the trades, which blow beneath 
them in the opposite direction. Since they partako of the 
regularity of the latter, they have also some title to be called 
trade-winds. By some eminent writers they have indeed been 
styled Anti-trades, a name implying an opposition which has 
no existence. It would be well therefore to distinguish these 
two main branches of the atmospheric circulation, to and from 
the equator, as the Down and the Up Trades. (See Plate 7.) 

The line which marks the descent of the S.W. wind on the 
Northern Atlantic Ocean and Western Europe is neither distinct 
nor invariable ; and, besides, it is inipos-sihle on the coast to dis- 
tinguifyh the equatorial wind from sea-breezes. We may, however, 
assimie that the line in question oscillates on the ocean between 
the 30th A: 45th parallels of latitude. The S.W. wind is felt in 
summer on the summit of TenerifFe (12,182 feet), while the N.E. 
trade blows about 1500 feet lower down ; and when the latter in 
winter retires southwards (Its sources also retreating) the upper 
wind descends to the sea. But, mitiko the down trades, it has 
not the sole and undisputed po^spsston of the region on which it 
enters. In the ectropical portions of the globe, and especially 
between the tropics and polar circles, winds blow from aU quarters, 
and very frequently from the centres of intense cold. The dense 
cold air of the icy chores of Nortli America flows southwards ; hut 
tlie Eocky Mountains, running from N.W. to S.E., tnm this cur- 
rent eastn-ard to mingle with and coo! the equatorial current. 
From the Siberian centre of cold flows another frigid stream ; 

N 



H^ I I UEJI LI 



JKl 



178 



PBTSICAL flEOGBAPHT. 



and this again, ^ing restrained by the Yablonnay and Allai 
mountains, is titrm-d to the west, and gathering stren^ with 
heatj rejiclies Europe as a very persistant eaet or south-east wind 
extremely cold and dry. On the Atlantic Ocean, and chiefly at 
its eastern side, the south-we&t and north-eaat winds often blow 
Bide by side ; and when they come into collision the stronger 
forces back the weak&r i so that these currents shift their positions, 
going further east or west according as the one or the other 
comes off victorious in the struggle. Hence the zone of the 
6.W. wind is also that of the changeable winds. To the variable 
predominance of these winds of oppoaite characters is due tbd 
ficklenesg of climate that chnracterizes our portion of the tem- 
perate zone. In the annual fluctuations of climate there is oft^n 
perceived & strong contrast between Western Europe and North 
Americaj or Southern Russia. When we have an unnsuallv warm 
and wet summer, a want of heat and moisture is felt in the 
United States ; when they hare both abundantly, we suffer 
from a dry cold wind. Such are the vicissitudes that attend tha 
movements of the S.W. and X.E. currents of air. 

Just views respecting the principal curronts of the atmosphere 
are so important, that it seems expedient here to advert to cer^ 
tain statements as to their mutual relations which have no solid 
foundation. By some eminent authors the down trades and up 
trades are respectively entitled Polar and Equatorial currents ; 
and these designations are often intended not merely to in- 
dicate the direction of the winda^ but to imply an actual inter- 
change between the polar and equatorial regions of the atmo- 
sphere. These winds, we are told, are mutuallv compensating 
currents^ But winds must be regarded rather as con seqUiP noes 
of disturbed equilibrium in the atmosphere than as direct agent« 
in its restoration. It ia impossible that in an atmosphere several 
miles in height, a local dehciency anywhere at its base should 
hare to be made good by a narrow horizontal current at a com- 
paratively slow rate. The trade-winds do not come from the 
pole, and the returning windei or up-trades as certainly never 
reach the pole. To do so they ought to adhere to the meridian, 
which is natarallv impossible. The impulse that drives winds 
along the meridian is incidental and irregidar, while the force 
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that diverts them from it is constant fur every latitude, and 
increases coTitinnally towards the pole, Wten It is considered 
that the zone of the trade-winds occupies half of the earth's sur- 
face, while the pole is but a point, tho ahsui-ditj' of supposing a 
perpetual interchange of aerial currents between them will be 
quite o^-^ident. If the currents of air thrown oft" daily from the 
equator were to meet at the pole as in a focus, the result would 
he perpetual storm n.nd atmospheric commotion in a region which 
actually appear? to he particularly exempt from such visitations. 
In Lieutenant Maury's volume on the Physical Geography 
of the Seftj much zealous industry and ingenuity have been 
thrown away in support of irrational and fantastic theories. We 
cannot believe with him that tho trade-wuida. (N.E and S.E.) 
cross each other in the region of calms, the former going off as 
the N.W. up trade of the aouthcm hemisphere, the S.E. trade 
as the S.W. of the northern Atlantic, tliat they hasten each to 
its poie, there ascend in a certain vortf^x^ then turn again 
towards the equator by invisible routes beyond the reach of 
observation till they again descend in the character of down 
trade-winds. These movements are rendered etill more mysterious 
by being represented as the effects of magnetism. That magnet- 
ism should raise streams of air at the poles and the eqnatorj and 
let them fall in middle latitudes, is not less surprising and incom- 
prehensible than that it should choose to perform those feats 
between the terrestrial poles or the extremities of the earth's 
aiis, instead of between the magnetic poles. The course of 
"this particle of air" through the upper regions of the atmo- 
sphere, as Lieutenant Maury remarks, " does not appear to have 
been very satisfactorily explained by philosophera," In truth 
it does not appear that any one has ever thought of explaining 
it ; and ?ince it can neither be explained as a theory nor proved 
as a fact, it ought to be dismissed as a groundless assumption. 
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CHAPTER XIII. 

The Monsoons — their limits — regular and alternating. — Winds of the Polar 
Circle. — ^The East "Winds the prime moTera. — Table of ComparatiTe 
Frequency. — Effects of Heat and Deflection controverted — Table of the 
Strength of Winds. — West Winds subordinate — East Winds the prime 
movers in Aerial Circulation. — Objections. — ^The Barometer, what it 
Measures. 

The trade-winds, it has been seen, are completely developed 
only over the ocean and at some distance from land. Under 
snch circumstances the periodical change in the winds occasioned 
by the snn's passage across the equator on his way from tropic 
to tropic, is confined to a general movement of the whole wind- 
system to the north or south according to the course of the 
Inminaty. Otherwise, or where land interferes, the north-east 
and south-east winds prevail alternately, the one being suppressed 
while the other holds sway, though often changed from its 
original course by the aspiration of land. Where this occurs, 
as on the coasts of India and generally throughout the Indian 
Ocean, the alternating winds are called Monsoons — that is, season 
winds, from the Malay corruption of Afausim, an Arabic word 
signifying recurring periods or seasons. 

The trade-winds blow constantly and contemporaneously, only 
shifting position a little with the sun's declination. The monsoons 
blow alternately, and in truth may be described as sea-breezes ex- 
empt from nocturnal interruption, as they all, with little exception, 
blow from the sea to the land in summer, and from some con- 
tinent to sea in winter. They are found on the grandest scale 
and in the greatest variety in all the seas south of and adjacent to 
the Old World, from the eastern coast of Africa eastward throngh 
the Indian Archipelago to the coral islands of the Pacific (PI. 7). 
Eastern Asia presents the most extensive and compact surface of 
land on the face of the earth, lying far to leeward of any 
currents of air from the warm ocean. Hence it is in winter a 
vast region of the most intense cold. Under its condensed air 
the barometer rises to a great height. But the cold air sinks to 
the gronnd and is confined, on the sonth by ranges of the highest 
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moimtaiiiB on the globe, oq the east by a range (the Yablonnuy) 
raricly less tLaa SODOft. in height. Tlirough these, however, 
sonift of it escTipes, nnd flowing aa a N.E. wind over Corea and 
China, carries ink^nso cold occiisionaJly even to the southern 
shores of the latter countiy. A nortli-eaat wind reaches the 
Indian penin.nda nlso, not from Siberia, however, but from a 
nearer source and much lesa cold. Again, a N.E. wind collects 
tile vapours of the Red Sea and sheds them aa the scanty winter 
rains on the eastern highlands of Abessinia to a height rarely 
exceeding 5000 feet. 

But when the sun advancing northward crosses the eq^uator, 
these N.E. winds do not retire northwards like the tradea, htit 
cease altogether. liutire northwards they cannot, because in 
that direction, at no great distance from India;^ tho Asiatic con- 
tinent is crossed by ranges of the highest mountains with the 
most elevated and extensive tablelands on the earth. These 
completely bar conununi cation in the lower strata of the 
atmosphere, on which tho meteorology of every country, flo far 
as climate is concerned, almost wholly depends. Besides, as the 
Bun approachca, the condeniied air of Eastern Asia, relieved from 
the fetters of frost, rises np and disappears, and an extremely 
light atmosphere succeeds to a very heavy one — this change 
extending also over China and India, and even reaching North- 
eastern Africa. Nowhere on the earth, except perhaps at tlie 
poles^ docs the bjirometer fall so low in summer as in the heart 
of Siberia, about Irkutsk j and the depression, which there has ite 
maximum, extends widely over the south-eastern part of the 
Old World. 

To supply tliis atmospheric deficiency, the south-east trade 
crosses the equator. Theresas it encounters no north-cast wind, 
it is not stayed by a zone of calms and rains, but, guided by tho 
aspiration of the land, it shapes its course accordingly, and falls 
on tht! coast of Malabar as a south-west wind. This great change 
of direction in winda so near the equator cannot be ascribed to 
the deflection caused by the earth's rotation, but is evidently 
due to the strong aspiration of tho land to the north-east, which 
alone can account for a south-west ■wind blowing in summer 
from Eastern Africa, to India. The season of the aouth-wesl 
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Tinds on die coa^te. of Zanzibar is the season when they occur^ 
though they cannot be Kid to prevail over the soutk-egst winds ; 
and the opcnrrence of both at the game season proves that the 
former do not owe their deflectign to a perfectly constant cause 
(PI. 7). 

When the sun passes from northern to southern declination, 
the K.E. wind resumes its sway over the Indian Ocean and 
crosses the equator sonthw^ards. Then, being deflected to the 
left in the eonthem hemisphere, it penetrates as a north or north- 
west wind to the centre of Australia, which in the heat of 
enmrner strongly attracts it. To the warmth of this continent 
ig doubtleea due the weakness of the south-east trade in the 
Indian Qeean. 

The monsoons of the Indian seas from the Philippine Islands 
to the coast of Africa exhibit so many local modifications and 
each complicated diversit)', that no exact account cou be given 
of them within narrow limits. The periodical winds called 
monsoons, met with in the Gulf of Mexico^^ on the coast of 
Guinea^ in tlie Black Sea^ the Caspian Sea^ iSx-t are in truth 
winds due to the asptration of the Und, like sea-breezes. They 
blow from sea to land in the hot season, and exemplify in the 
plainest manner the generation of wind by excess of beat It is 
obiiious that this aspiration or attraction of wind by l&nd can 
operate only on the lower strata of the atmosphere ; and there- 
fore aU winds dne to that cause^ and in derogation of the general 
wind-sj^em, must be comparatively low. ITius the KJ}. 
monsoon in the Red Sea rises to only half the height (about 
4000 feet) of the frontier mountains of Abessinia ; and while the 
Bonth-west monsoon blows from Zanzibar to the coast of Malabar, 
the south-east trade^wind high above it carries to the same eoiintry 
the copious rains that flood the Nile. 

There is one wind, pot a trade-\vind nor a steady monsoon, 
tiioughin some respects re&emblingboth, and yet important enough 
to stand alone^ unclassed. The south-west wind which from the 
Golf of Mexico blows over the valley of the Mississippi and 
carries warm rain to the United States, performs for that conntry 
the office which the up trade of the Atlantic Ocean discharges 
for Western Europe. It springs from a very wann 
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Doubtless tlie land to the north of it is often warmerj and so 
attracts the vapour-kden air. But probably it often happens 
that the iitmospbpfe over the land, condensed with cold^ leaves a 
vacunni above ivhicb attracts the warmer and lighter air. On 
the North-American continent there is no chain of mountains 
running from W. to E. to bar the communication between the 
atmogphort* of the frozen polar &ea and that of the torrid zone. 
Consequently intensely cold winds often descend in die valley 
of the Mississippi much below the tropic. In New Mexico and 
Texasj sudden changes of temperature to the extent of Gif* often 
take place in a few hours. The prevalence of the warm S.W. 
wind rarefies the air and lowers the barometer ; then the north 
wind (iaa Nortes) rushes in and all is frozen. To the collision of 
opposite currents of air, of widely different temperatures and 
therefore causing very violent movements in the ittmosphcre, is 
to be ascribed the frequency of destructive toruadoea in the 
interior of the United States, chiefly in the valley of the 
Mississippi. 

The ocejui presents a uniform surface, everywhere alike 
favourable to the reception of the sun's rays. Slight, therefore, 
as are the difterencea of temperature between its neigh lx)uriiig 
zones, the least preponderance is instantly discernible in a 
balance so nicely adjusted. But on land the gradation of heat 
is not 60 uniform and continuoTis. Bare rocks and naked plains 
at some distance from the sun's path may experience a much 
higher temperature than a region of woods and forests im- 
mediately beneath it. It is probable^ therefore, that the dis- 
tribution of heat on tlie land between the tropica is irregular, 
and that the hottest points in that zone do not all lie In the same 
parallel of latitude. Hence too it may be doubted whether the 
trade-winds be developrd on land as over the sea. And since 
on land the ascending current of air between the ti-adea must 
want the strength derivable from the copious vapour of the 
ocean, those returning upper winds from the S.W. and N.W., 
which have their courses on land, are probably weak and dry 
winds. Certainly the S.W. and W. equatorial winds of the 
northern hemisphere are entirely oceanic ; and hence 'm the Old 
World dryness of climate is the necessary consequence of being 
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far to leeward of the ocean. The W. (more frequently N.W.) 
wind of tbe United States, cold and dry, issues from the pole. 
Tlie 8.W. wind which rtaches the Caspian Sea from Africa is 
also a dry n'ind. 

The polar circle belongs to the region of changeable winds; 
but which of these predominates is still undecidt'd. Some say 
that in the north polar seaa the west wind is most frequent ; 
others report that the K.E. whid prevails. But tbe probabili^ 
is that no one mle holds good for the whole polar region, and 
that every quarter round the pole has a diflerent wind-system. 
It is, however^ certain that there is much more calm in those 
icy ciiinejii than elsewhere. The air seems, like the sea, to be 
bound by frost. It is during the calms that the temperature 
falls lowest. T\Tien the wind begins to blow or snow to fall, 
from whatever quarter, temperatiu-e rises ; but the cold reduced 
in this w&y i$ ranch less endurable than the more intense cold of 
a perfect calm. 

It is obvious that the down trade-winds, which ultimately 
become east winds, are the prime movera in the system of 
regular winds. They are not derived from any other wind, but 
are Called into existence by equatorial heat. As ofispring of 
the sun, they follow the sun in its movements Jjctween the 
tropics* The central zone of the earth, lying between the 
parallels of 30"^ north and south, contains exactly half of the 
earth's surface, the area of 30 degrees next the equator, being 
equal to that of the remaining 60 towards the pole. That equa- 
toml zode may be said to be occupied exclusively by the trade- 
winds, which are also constant. If with these we compare the 
retorning winds or up trades, we perceive that the latter mani- 
festly spring from the former, and cannot exceed, though they 
may possibly fall far short of them in volume. The upper 
current at a great height mnst be much less dense than that at 
the surface of the ground ; and when at length it descends as a 
Bouth-west wind, it has to fi^^ht its way through contending cnr- 
reuts to obtain a footing on an area which, the polar regions being 
deductodj is probably lefjs than three eighths of the earth's surface, 
TTie foUowing Table shows the comparative frequency of winds 
from east and west quarters at different places within what is 




deemed the domain of the west wind ; the numbers represent 
frequency and strength combined. 

Moscow N.W. 238 S.E. 165 

St. Petersburg W. 180 E. 130 

Upsala S.W. 2fil N.E. 113 

Copenhagen , W. Ibtj E. 118 

Brussels,...., S.W. 271 E. 133 

London S.W. 254 N.E. 147 

Paris * W. 190 E. 127 

Berlin W. 214 E. 128 

St. Gotbard N.W. 519 S.E. 239 

New York....... N,"W. 199 S.W. 180 

Trenton (New Jersey) S.W. 229 N.E. 144 

Nashville (TennesseJ) S.W. 391 N,E. 145 

Fort King (Florida) S.W. 222 N.E. 140 

Woohiorth (Van Dieraen's Land) ... W. 332 E, 174 

From this it is evident that although west winds certainly pre- 
dominate in high latitudes nearly as 2 to 1, yet they are far 
from having the exclusive mastery of any zone. In trnth the 
zone of westeriy winds may also with much reason be described 
as that of variable wind?. Ou the other hand, the trade-winds, 
inclining from the east, constant on hali' of the earth in the cen- 
ti^ 2one and set in motion by the sun, must be regarded as 
the primary winds, constituting the mainspring of the atmo- 
spheric circulation over the globe. 

Irregular winds are so frequent^ so diverse, and comparatively 
nnimportatit, that the study of them would be unproductive 
labour* Every change of temperature, every fall of rain causes 
Boroe movement in the atmosphere ; and mavements of this sort 
interfering with each other may bring about serious digturbance. 
Among the most ordinarj- phenomena of the atmosphere are oscil- 
lating currents of air; that is to say, if a current flows today from 
north to south, it will probably tomorrow return from south to 
north. But in these movements it veers or is deflected (in the 
northern bemisphere) to the right band. Hence in seaman's 
phrase it goes ronnd with the snn^— that is, from east by south to 
westj or to the right Hand of one looking southward. In going 
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from north to KHith, A (fig. 74), bending to the ^^ *^ 

right, perfomu the semicircle A B ; and returning ^"^ 

from B to A with like deflection, it conipletea 

the circle, as pointed out by Professor Dore, and 

goes roond in the same direction as the son. 

The wind, it is tme, does not always veer in \ 

diis way, bat sometimes takes a retrograde conrse. 

In this case it rarely completes its circoit ; and the winds that 

" go roimd with the snn " are fonnd to be in onr latitude more 

numerous than those that veer in the contrary direction, in the 

proportion of nearly 3 to 1. 

Where disturbance is frequent, violence is not unlikely to 
occur. Hie wind exhibits at times a force hardly credible. Its 
commotionB are due perhaps to the descent of elevated currents, 
which at a distance from the friction of the earth*s surface have 
acquired a great velocily ; and in that lies its strength. Storms 
of wind ordinarily occur about the equinoxes, when, as the snn 
crosses the equator, the monsoons change and a general move- 
ment takes place in the whole wind-system. Currents of very 
different temperature then come into collision ; and their rapid 
change of place, the cold stream descending and the warm rising 
above it, disorders the whole atmosphere. The connexion between 
strength of wind and its velocity may be learned from the 
following Table, used by seamen : — 

The Beanfort Scale of Winds. 

1 . Light air, sufficient to give steerage- Velocity. 

way 2 miles per hour. 

2. Light breeze, sufficient to give 1 to 

2 knots 4 „ 

3. Grentle breeze, sufficient to give 3 to 

4 knots 8 „ 

4. Moderate breeze, auffident to give 

5 to 6 knots 16 „ 

6. Fresh breeze, royals 24 „ 

6. Strong breeze, single reefs and top 

gallants 32 „ 

7. Moderate gale, double reefs 40 „ 

8. Fresh gale, triple reefs and courses 50 „ 
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Velocity. 
9. Strong gale, close reefs 62 miles per hour. 

10. WtoJe gale, close-reefed miuutop ., VS „ 

11. Storm, fitomi 6tay-s»ils 96 „ 

12. Hurricane, bare poles 120 „ 

To this may be added the Aineriom Tabid, which affeota 
greflter accuracy, 

Velority, PrewaTe on the 

Milei ia Feet in Bquafe' foot in 

1 hciur. « secoaiL lbs. aToirdupoia, 

1 1-47 (XWd Hardly perceptible. 

i 2-93 U20 Id,, ^. , 

8 4-40 ^.y^ J Plainly perceptble. 

4 5-87 ^'^^HG,ntl.hr^z.. 

5 7-33 0123/ 

10 14-67 0-492 ) t ■ i i. 

15 22 ^.^,y I Lively breeze. 

20 29-34 l-^en Brisk gale. 

25 36-67 3-075 J * 

30 4401 44-29 1^. 

35 51-34 6-027/ ***^ 

40 58-68 7-873 \v.™,rf^«« 

60 73-35 12-300 Storm. 

60 8802 17-715 Groat Htorni. 

80 117'36 31-490 Harricane. 

100 146-70 47-200 Deatructive hurricane. 

From what precedeSj it will have been seen that the regular 
winds all arise from the circulation tjstablished between the 
torrid and the temperate zones. The currents of air flowing 
towards the equator from the N. and S. become respectively 
N.E. and S.E. iv-inds. Those returning from tho et^uator 
above the latter reach the earth's surface as S.W- and N, W, winds. 
Between the trade-winds (N.E. and S.E.) is the zone of calms, 
fio called because dead cabus frequently occur in iL Although 
exempt from the regular winds, it i* frequently visited hy 
tornadoes or sudden thunder-storms accompanied by violent 
gusts of wind and heavy rain. Between the outer Umtta of th* 
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trade-wiods and the inner limits of the returning or upper currents, 
are also zones of calms, differing from the equatorial zone hj 
their dryness much more than by their temperature. 

The generally accepted views respecting the origin of the 
regular winds, explained in the preceding pages, hare been 
recently controverted by a Professor of physical science*, who 
assures us that the winds, no less tluin the fortunes of men, are 
ruled by the stars. The doctrines thus assailed are in them- 
selves so interesting and important, and their subversion threatens 
with confusion so wide and well cultivated a field of inquiry, 
that they ought not to be surrendered at once to merely specious 
subtlety. The author in question denies the agency of heat in 
the creation of wind. " The heat of the African Sahara," he 
says, " or of Arabia, far exceeds that of the equatorial ocean ; 
yet air flows from lat. 40" over the Atlantic Ocean to the equator 
and not to the great desert." He thence concludes that as 
**the trade-winds do not blow to the hottest parts of the globe," 
they are not due to heat ; for " if a difference of 40° of 
heat be insufficient, how can 15° or 20° move the atmosphere?" 

Now, to the statement that the mean temperature of the 
great desert exceeds that of the equatorial ocean (81°*5 Fahr.) by 
20° or 25° we must at once demur. We are aware that a tempera- 
ture of 152° has been observed in the desert ; but it was in the sun 
and near the ground, and showed the power of reverberated heat ; 
it did not give the mean temperature of the air even for the 
hours of daylight. We know also that at Morzuk (lat 19°) the 
thermometer at night ordinarily falls below 60°, and in winter 
below the freezing-point. In speaking of the heat of the 
Sahra, mean and extreme temperatures are too often con- 
founded. It may well be doubted if the mean temperature of 
the column of air above the Sahra, taken in its whole height, 
ever exceeds or even equals that of the equatorial ocean. 
Neither is there any reason to believe that the atmosphere over 
Northern Africa or Arabia ever exhibits the deficiency con- 
tinually experienced at the equator and periodically in Asia, and 
which occasions an influx of air, by the trade-winds in the one 

* Phyncal Geognphj in its relation to tlie preTailiiig Winds and Cunento, 
hy John Knox Laughton, M.A., F.R.A.S., F.R.G.S. 
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case, by the S.W- monBoon in the other* It has been already 
remarked that though the current of air seta from coolness to 
warmth, it does not necessarily flow to the hottest parta* 
Differpncps of atmospheric temperature are greatest near the 
ground, whpre communication is most impeded. Heat gives the 
impulse ; but the guidance ia due to circumstances. Between 
the sources of the trade-^vindi* in lat. 40° (or rather 36°) and 
the great desert, the mountain-chain of Atlas extends through a 
length ofninehuntb-ed miles. South of lat. 30*^ this obstacle dis- 
appears; and there the higher temperature of the land produces 
B se^-hreeze. But towards the north the continuous decre^e of 
temperature haa more effect, and the Libyan deserts are re- 
freshed by N, and N.E. winds. That which necessitates an. 
influx of air is an ascending current with low barometrio 
pressure. This condition exists over the equatorial ocean, and 
not on the 8ahra. 

Again, Mr. Laughton denies that any deflection of the wind caa 
be caused by the earth's rotation; and thus he arf;ues : — "The 
difference between the honrly speed of a point on the parallel of 
30° and an the equator is 120 miles. If, then, a quantity of air 
were to be suddenly transposed or were to move without friction, 
from the parallel of 30° to the equator, it would manifest itself 
there in a storm of unhoard-of severity, wind in the most violent 
hurricanes seldom attiiining a velocity of more than 100 miles an 
hoiir," 

To allow that a natural law, capable of creating such tempests, 
is constantly in action would indeed be highly absurd ; but the 
ahsurditv here brought to view springs wholly from the mon- 
strous supposition of a body of air" suddenly" or instantaneously 
transferred a distance of 30°* If we assume it to be transposed 
at the rate of 20 mtlcf? an hour, which is probably what really 
occurs, then it would take J)0 hours to pass over 30°, and the 
velocity of ita westward motion would be but 1| mile an hour. 
Mr. Laugbton insists much on the great friction of the air ; and 
certainly the air nest the ground must be checked by friction ; but 
of the Tv-ind in general the friction hardly deserves consideradon. 
The I'riction attending motion increases in the duplicate ratio of 
the velocity producing it. Now tlie ivind, which is sensibly felt 
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when moving with a velocity of 5 miles an boar^ may attain a 
velocity of 100 miles, and continue thns for tours in spite of a 
friction 400 times as great as that with wliicli it began. If 
there were any tmth in Mr. Langhton's statement, that " wind 
almogt instantly assumf^s the velocity of any point of the earth 
with which it cornea in contact^" then the ordinary state of the 
air would be a dead calm, which is certainly not tiie case. The 
air i^ fortunately almost always in motion, and some wind blows. 
He tells us that, when philosophers admitted the deflection of wind 
in consequence of the earth's rotation, they forgot the effect of 
Miction. And surely in writLDg this he must have forgotten 
that t^e long list of the philosophers alluded to includes the 
names of Halley, Kant, D'Alerabert, Sir J. Herschel, and Dove. 
At the present day philosophers of the greatest eminence maln^ 
tain that not only currents of air, but the cours^es of rivers also, 
are influenced by the rotation of the earth. 

In attacking the fundamental principles of meteorologTy Mr. 
Laughton affects to be rigorously exact. He plunges into minute 
details ; and there he misses hi;^ war- He finds that the baro- 
meter is misnamed, and that philosophers have hitherto erred in 
BUppcwing that it measures the weight of the atmosphere. *' What 
the barometer does," be says^ **is to measure the elastic force 
of the air. With weight it has nothing whatever to da" To 
prove this be appeals to the action of air on a barometer in a 
close vessel- But snrely the atmosphere is not a close vessel. 
The elastic force of air increases with temperature ; but the baro- 
meter falls in the transition from high to low latitudes, and from 
winter to summer ; that is, it falls as elastic force increases. The 
barometer is always lower at Calcutta (lat. 2f 33') than at St. 
Fetersburg or at Ajansk^ in lat. 56° 27' N., on the Bay of 
Ocbotsk ; but if it measured the elastic force of the air it would 
be always 2j inches higher at the first than at the last-named 
of these places. It is a melancholy discovery that Torricelli, 
Pascal, Boyle, Hoofce, Descartes, Huyghens, and indeed all 
eminent philosophers down to the present day have laboured 
nuder a delusion, Lmagini;:g even that they conld measure the 
height of monutainft by means of the barometer. They tboagbt, 
u Sir J. Herschel has well explainedj that it me&sored the weight 
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of tlie superincumbent atmosphere. It was especially unfortu- 
Datp that one who dreamed that he had discovered that *' the 
barometer has nothing whatever to do with the weight of the atmo- 
sphere " flhonld have thought fit to ivrlto on PhysieaJ Greog^raphy *, 
Thf aamo author denies the existence of behs of calm, because, 
notwithstandtn^ the great friction of the air, on the ail^uffici- 
ency of which he elscwhorp insists, there is no such thing bb a. 
perfect and perpetual catm. But surely the name Belt of Calms 
implies neither perfection nor perpetuity- He denies, too, the 
existence of an ascending current between the b^ea, becanw 
nothing in aeen to ascend but clouds and vapour ; and, still rigo- 
rously exact, he calls in question the meteorological law esta- 
hli.'iihed by Dr- Huttou, that, when currents of air of different 
temperatures mix together, the point of saturation is lowered in 
the mingled mass. He affirms that gases and fluids at different 
temperatures refuse to mix; — a stafcentt'nt that has no foundation. 
When two volnmes of water are thrown together, being swayed 
only by inertia and internal cohesion, they mix mechanically 
without any tendency fco intimate diffusion. If they differ in 
temperature, that may allow their separation to be traced, though 
it does not cau&e it. In the caso of gases a difTercnce of tempe- 
rature does not in the least degree retard their interiienetration. 
But what is the end or purpose of this revolt from principles 
in which the scientific worid las long perfectly acquiesced ? lb 
terminates m the conclusion that there arc no winds moved by 
difterencc of temperature towards the equator, ror are there any 
returning currents towards the poles, but that the primary and 
ruling windfl are the west winds^ from which are derived all 
otliers. WJience they come, and how they give birth to east 
winds, are left wholly unexplauied. But here it is necessary to 
remark that Mr, Laugbton, even when dwelling on details, ia 
more minute than accurate. When he speaks of west winds ho 
means to include all winds which have any westing in them. Yet 
it is evident that N.W. and 8.W. winds mnst come from differ- 



• It is » curious fact in the hifltory of Phyeicttl Science, that in 1872 t^■ 
book denying' that the barometer measures the weight of the btmospheFe, 
was l&id before n Swrtion of the BritJali AssoWAtion Jwith tlia Bpedul com- 
metidstion of the froBldeat. 
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ent sources. He thinks also that, aince the prevalent wind in 
Egj'pt veera from N.W. to N,Eh, the latter (farther south the 
KtE, monsoon) really belongs to the west^wind family ; and it 
bears, he tells us, to Abessinia the rain^ which fill the riTera of 
that coni^try and cause the floods of the Nile. Now tliig is an 
nnpardonable mistake. The N.E. monsoons *ihed the scanty 
raiDS of winter on the barren sea-coast of Abe.ssinia, rising no 
higher than 4000 feet. But the fertile interior and high land of 
Abessinia owe their rains entirely to the B.E. wind. He also 
ventures to assert that the N.E. monsoon of India is the N.W. 
wind deflected, how or why it i^ impossible to imderstand. 

He dwells much on the i-iolence and superior strength of 
west winds ; for he seems to suppose that the primary' winds 
must necessarily be the strongest. But the west winds prevail- 
ing in the zones of changeable mnds meet with resistance; and 
resistance begets violence. Winds from all quarters blow in 
St George's Channel with a force entitling them to be called 
primary. That the west winds are in general stronger than the 
trades or east winds, from which they are believed to proceed, ia 
not only true but is a necessary consequence of their derivation ; 
for being a returning current from tte etjuator in the upper 
region of the atmosphere, they carrj- with them to some extent 
the rotatoTy velocity of the equator to a higher latitude. The 
strength of the trade-winds blowing from the S.E. may be esti- 
mated by the distance of their sources (say lat, di^) from the 
equator. The difference between the rotatory velocity of the 
latter line and that of the 30th parallel gives the increase of the 
returning wind's eastward velocity. The upper wind, less dense 
and further from the surface, is less checked by friction ; and 
when it reaches tho surface as a west wind it hns the much 
greater eastward velocity due to the difference between the 
equator and the 40th parallel. 8^ince the strongest trades are 
I the S.E, winds on the western side of the Atlantic, which are 
stiff breezes or nearly galps, we should expect to find these gale-s 
increased by transference to a higher latitude, somewhere about 
the 50th parallel, l>etween the South Atlantic and Australia ; and 
it is exactly there that Mr. Laughton points out those primary 
west winds for the strength of which Iw finds it so hard to 
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accotmt. Were his history of the winds quite correct, yet his 
explanation of their origin is wholly unintelligible. He seems 
never to be aware of the dark unfathomable gap which lies be- 
tween his premisses and his conclusions. No account of the 
west wind which leaves the east wind and some others unex- 
plained can be satisfactory. 
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CHAPTER SIV. 

Cyclonea. — ^Whirtwinda variously geaernted. — Conflsjiration. — Sand-pillflri. 
-^Waterspouts. —Troinba?, — ^Tomadoeg. — Hurricane — their Course in 
tha "West Indies — -near MauritJiu^Biiy of Bengal — Chinese seas— their 
Diameter, SpeeJ, k-c. — not strictlj' cireular^ — Violence — AdraTitagea to 
be dierived from Knowled.ire of their Nature — ExplanaCioaa of Peltier, 
Dove, &c — their probable Origin. 

Were the globe iinifarmly covered witTi wat^r, it would bs 
girdled with a complete zone of constant and regular winds 
blowing towards the pquator, and with eqnally constant retnm- 
ing winds going off from the equator towards the polos, though 
taming eastward before reaching the polar circle, the whole 
system annually shifting place a few degrees hy following the 
eun's declination. But such uniformity is prevented by ths 
unequal distribution of land and sfa ; and over about a third of 
the earth*s circumference, chiefly within the tropics, the constant 
winds give way to alternating winds, changing with the season. 

But originating within the limits or in the immediate neigh- 
bonrhood of the regular winds, there is a elasa of a different 
character, which, from their singularity and extreme violence, 
call for special notice. Sailors dread a gale — that is, a furious 
wind blowing in a straight lino or constant direction. But 
it is now well known that the most dangerous winds do not 
blow in a straight line, hut revolve aa whirlwinds ronnd a centre, 
adding continual change to ^nolenco and involving in the storm 
a wide area from which it is difficult to escape. TVhirlwinda 
occur in various forms and of very difFereut scales i yet in 
combining 3 revolving with a progressive motion they closely 
resemble each other. The phenomena presented by them are 
extremely obscure j and as these pag^s cannot afford room for 
discussing them in detail, they shall be here grouped together in 
such a manner as to show, with the peculiarities of each kind, 
what they have in common. An attempt shall also he made to 
offer such an explanation of their origin as may be more or lesa 



aAND-PILLAR3. 



195 






'-■^Vy 






Dj 



applicable io all, their striking cUfFerences and tlie modificationB 
of flcdon thence arijiing being at tho same timo pohited out. 

The chief vorticose phenomena of the atmosphero arti whirl- 
winds produced by conHagratioii, whirls of dnst or sand, water- 
spouts, trombes, tornadoes, and cyclones. When an extensive 
thicket of dry reeds or bramLlos is set on fire, there 13 presently 
seen, over overy lively flame, a pillar of smoke, ascending in a 
manifestly spiral course, and spreading out above in the form of 
a funnel. Somptimes, while the dense smoke and embers are alJ 
carried np, the lowest part of the column remains clear and un- 
marked by any visible ontline, though the course of the air is 
still shown by l<>aves and other light bodies ascending with at, 
while the funnel-shaped cloud still hangs over- 
head (fig. 75). Jets of smoke from volcanoes ^^S- '5- 
show the same tendency to revolve. In these 
cases there can be no doubt as to the cause of 
the movement. Tlie heat gives rise to an as- 
cending current. The ascent is easier by an 
inclined [>]ane, and as the inflowing air can 
hardly fail to be superiorin strength in some one 
direction,, that determines, in the first instance, 
the inclination of the ascending cun"(?nt ; hut 
the lateral resistance to this being greater on 
the onter and cooler side than on the side of the flamo and 
uprising column of heated air, it bends towards the !;itt.er and 
the inchned plane becomes a spiral path. The smoke as it 
ascends grows cool and sluggish, and yields more to the centri-- 
fugal tendency. Consequently it accumulates, and, spreading 
out, passes from the form of n spiral column to that of a widen- 
ing funnel, and lastly to that of a shapeless cloud. 

Pillars of sand or du.st are frequent in North-western India, in 
the deserts of Anihia and Africa — wherever, in short, a drj'- and 
heated surface of loose soil lies bare of vegetation. They occur 
most freqnently in calm and sultry weather. Here, again, the 
cause is manifest. When any spot of ground becomes exces- 
sively heated and the air above it ascende, un influx takes place 
to it from all sides, the heated air being ready to escape by any 
channel opened ; but the influx not being perfectly equal on all 
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sides results in a gyrating motion, which is visible in the sand or 
dost r^ed bv the air. These ^nd-pillarj!^ in India oFten attain a 
diameter of 15 or 18 feet, and seem to resich the clouds. "When 
they run together they sometimes cover an area of some hundreds 
of yards in estent, Tbey advance in the direction of the pre- 
vailing wind, but rarely last long. The elonds of dust raised by 
tliem in the atmosphere often fall at a great distance. Showers 
of sand from the African Sahra frequently darken the sky at 
Mndeira. 

Watersponts are among the most singular phenomena in 
nature. They are columns of water or opaque vapour rising 
from the sea, and joined above by a cloud meeting it in the form 
of an inverted cone. The water at its base is in Wolent agita- 
tion, as if boiling ; and the column, while moving on, revolves with 
a violence dangerous even to 
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the largest ships (fig. 70). 
Though often of small dimen- 
sions;, some have been ob- 
sen'ed with an estiraatod dia- 
meter of 200 feet and a height 
of 1500 or 2000 feet. The 
column is at times apparently 
incomplete, the portion rbing 
from the sea failing to meet 
that descending from the eloud, 
or either of these parts may 
be wanting. The column of 

water can Ije accounted for only bv supposing an eddy in the 
atmosphere, which^ as the air is driven outward by centrifugal 
force, creates a vacuum in the axis of motion, into which the 
water rises to a certain height. Above that height the opaque 
or visible continTiatiou mast be fonned of vapour ascending from 
beloWj or descending from the cloud above. Few waterspouts 
stand still j in gentTal they have a progressive motion, with a 
velocity exceeding half a mile in a minute. Instances are not 
wanting of waterspouts advancing from the eea npon the land, 
and there nmning a destructive course of Fome miles. Like 
Eand-piilars^ waterspouts ai'C often seen together in considemble 
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nambersi. They revolve, as the former iUso, indlfFerently from 
left to right, or from right to left, and even when close together 
revolve in tlifferent directions. 

But still more extraordinary are the phenomena, of tho same 
kind which occur on land. The nanie waterspout, pfiven to 
them also, Joes not descrihe, much loss does it distingnish them* 
Thc^ French name Tromite more fitly embraces both kindsj and 
shall bo here adopted for that which doea not aoem to bo essentially 
connected with the sea. It does not appear that the hirth and 
early groT,vth of a trombe has ever been observed. 

In general trombee make their appearance in a calm atmo- 
sphere with surprising suddenness and perfectly developed. 
Wonderful and portentous when firi^t seen, they often exceed 
waterspouts in magnitude, and, rushing forward, spread de- 
struction over ft tract exceeding; 
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1000 feet hi breadth (fig. 77). 
They tear up trees, unroof or 
throw down houses, overturn and 
scatter every thing in their path, 
accompanied by fiooda of rain, 
with destructive lightning and 
fireballs- Most tronihea as weU 
as waterspouts have manifestly 
a violent rotatory motion, mark- 
ing them witbspirallines, "Water 
generally a&cenda in them, and they dry up the ponds over which 
they pass. But in some cases water seems to descend through 
them. The air near the ground rushes to them v-iolently from 
all sides,, and within the column is a force tending upwards. 
Men and other heavj' objects canght in the whirl are lifted from 
the ground and flung to a distance. In August 1845 a trombe, 
within a few miles of Houeu, tore up in a few minutes 180 largt) 
trees, and destroyed some buildings, the fragments of which fell 
half an hour later near Dieppe, at a distance of lf> miles. TTiese 
phenomena are alwjiys attended by a fall of the mereory in the 
barometer. Heavy rain rarely fails in their track, bnt it is some- 
times replaced by ball or snow. Among their other singularities 
are mentioned, besides a strange whirring 'niell 
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and a faint luminosity at the lower end of tbe irombe. These 
latter may be the effects of electrical excitements 

The whirlwinds so far described have all a \'isible centre. A 
column of smoke, dust, water or vapour marks tile position of 
the axis round -vrbieb tbe ivind revolves. That a vtry violent 
influx of air from all sides takes place to the revolving colunm 
18 clearly proved. The position of the trees bud low, of tbe 
growing crops levelled in the path of the trombcj all point ont the 
direction of the destroying force. But ^ben we proceed to con- 
sider tbe wbirlwinds of a higher cLiss and greater magnitude (a^, 
for example, the tornadoes, so common at tbe equator and in 
North America) the phenomenon becomes more aerial, and we 
miss tbe opaque, visible axis of tbe storm, though all tbe terrors 
that usually surround it still remain. The average breadth of 
the tornado (so called by tbe Spaniards from tornar, to turn) ia 
about 750 yards, its height a mile, tbe mean length of its course 
42 miles, and its speed about 37 miles an hour. But one of 
much greater dimcnsicus has been recorded which ran 800 miles. 
It revolves about a vertical axis aguinst the sun, or from right to 
left in tbe nortbeni hemisphfre. The progressive motion of the 
American tornado is generally a little to the north of east. These 
whirhiiads occur chiefly by day. and only in warm weather. 
They are always attended by rain and HgbtuiDg, and the fury 
with which they revolve is indescribable. Birds are stripped of 
their feathers and killed by them j small trees or planks carried 
off by them fall from tbe clouds at a distance perhaps of 6 or 8 
mites. It is related that a stem of bamboo blown by a tornado 
penetrated a five-foot wall, which a shot from a six-pounder could 
hardly have done, A tornado with a visible column of vapour, 
sweeping over Oliio in January 1854, prostrated 50,0OIJ trees in 
half nn bour. Great loss of life is due to them, and greater de- 
struction of habitations ; but they are as brief as they are de- 
ptmctive ; they ruin in5t;mtaneouslv and pass on. 

Hurricimes differ from tornadoes only by tlieir greater magni- 
tude and continuancej involving a much greater area, with 
perhaps some abatement of violence. It was long suspected that 
tbe most violent storms of wind move in a cun ilinear path- Id 
1801 this opinion was advocated by Colonel Capper ; yet a 
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quarter of a century elapsed before it drew attention. At the 
presentdav it seems to be fully e&tablisLed that hurricanes (or^ as. 
they are now calledj cyclones) are winds rerolring round a centrSj, 
"whtcli at the same time advances. Having once attracted ih.B 
obser%*ation of meteorologist-g and skilful navigators, they have 
lost much of their mysteriousness and danger^ and ive can now 
describe their pecnliaritiea from the reports of experienced sea- 
men. 

Cyclones originate cliiefly in warm seas not far from the tropica, 
but never at or near the equator. There ore some regions 
of ocean in which they are particularly frequent ; these are : — 
Istj the western side of the North- Atlantic Ocean ; 2iidly, the 
Southern Ocean near Mauritius ; Srdly, the Boas about the Indian 
peninsula ; and 4thly^ the Chine&e seas. But though more 
freqnent in particular regions, they are not etrietly confined to 
any. The mariner knows tLa tin some situations (as, for es:ample, 
near liie Cape-Verde Isles) he is extremely liable to attacks of 
bad weather ; and that few spots on the face of the globe are 
thought to bo exempt i'roui such vieitations. In truth, cyclones 
seem to be occasionally met with everj'where, except near the 
equator and in the polar seas. They have been experienced in 
the Mediterranean and the Black Sea ; hut it doeg not lie within 
the Bcope of this work to follow all the tracks of cyclones or to 
discover their haunts. 

In the Northern Atlantic the cyclones seem to start from the 
middle of the oce*ii, between the 
10th and 12th parallels of latitude. 
Their tir^t course is W.If.W, to 
the West-Indian seas or the Gulf of 
Mexico ; hut on arriving at the latitude 
in which the S.E. trade-wind is no 
longer felt, or perhaps where the S.W. 
up trade begins to prevail, they wheel 
round at right angles to their former 
course and run tu the N. or I^.W., 
at the same time greatly increasing 
in extent and progressive speed (fig- 
7%), Tliie fre<jh development is obvi- 
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ously due to the circumstance that the storm dow falling iu 
with the Golf-stream is aided both by the oceanic and pre- 
valent atmospheric currents. But the danger of the stotm lies 
in the fury of iia rerolving motion, and not in the speed of its 
advance. When once above the northern tropic^ the cyclone 
spreads ont to a diameter of 1000 or more miles, at the same time 
becoming much less violent than when raging in the West-Indian 
seasvrithahreadth of odIv SOOmiles. Cyclones folloAving the course 
just described have occasionally ad\-anced as far as Norway, in the 
70th parallel of latitude. These cj'clones revolve in the northern 
hemisphere from E.j by X. to W.^ or contrary to the hands of a 
watch. In the southern hemisphere their motion is in llie con- 
trary direction, or N., E., S.j W. 

The cjdones that arise in the southern bemisphere near 
Mauritius are the exact counterparts of those just described. 
They proceed W.f>.W. till they come to the limits of the N.E. 
wind and. enter the domain of the S.W. monsoon. They then 
change their course and, running with the latter wind, increase in 
extent and progressive speed. In the Bny of Bengal the hurri- 
canes advance from the Andaman Islands north-westivards to thi 
months of the Ganges and Burrampooter, spreading devastation 
over the adjoining region, not more by the fury of the wind than 
by heaping up the waters of those great rivers and thus causing 
extensive inundations. In the Chinese seas the cyclones, there 
called tj"foons, proceed in summer westward from some point 
$onth of east, varying, however, as the season advances. In 
autumn their course is from east of north to west of south..; 
Their rot* of progress is estimated to be from 7 to 24 miles an 
hour. The destructive storms iu the Bny of Bengal move on 
slowlj', at a rate of from 3 to 15 miles an hour. 

The approach of a cvclone is annoimced by a dense mass of 
black clouds appearing on the horiEon. The storm being im- 
peded by contact with the earth leans forward above and i& pre- 
ceded by the canopy of clonds belonging to it, which eictend far 
b^ond it on all side^^ ei^peciallv in front. As these advance the 
barometer falls ; then comes tlie wind in tremendous gusts, and 
veering in a manner that shows the revolution of the storm. 
Thia iaaJways against the snn— that is to say, it bj in the northern 
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hemisphere, from tha right hand to the left of one who standa 
facing the equator ; in the southern hemisphere from the left to 
the right under like conditions. Near the centre of the cyclone 
thp turmoil ceases. A respite of short dnration takes place with 
perhiips II clear sky. Presently the wind returns with fresh fury, 
from the point opposite to that last experienced, and half of the 
gtorm-eirclc remains still to ho encountered. At the centre the 
barometer falls to its lowest point, which may ho more than 2 
inches below its height outside of the cyclone. 

The diameter of a cyclone is said to be in general from 50 to 
300 miles ; but sometimes, and especially in high ktitudea, for 
it spreads as it advances (fig. 78), it extends to 1000 or even 
1500 miles. The &pee4 with which the storm advances^ at first 
15 or 20 miles an hour, increases to 50 milea in high latitudes ; 
hut its velo<.*ity of rotation at the circumference probably exceeds 
i^O miles an hour ; further in the gnsts are said to be still more 
violent. As to its height, gome have estimated the elevation of 
the storm-clouds to be lU miles above the earth's surface ; more 
sober calculators bring them dowu to 4 miles. These conjectures 
refer to the upper edge of lie pilo of clouds on the horizon. 
But far below these, or at the height of from 500 to 2500 feet, 
the clouds called the storin-sicud are throwu off from all sides. 
Next to the extreme violence of the cyclone, nothing about it is 
so remarkable aa the prodigious fall of rain that attends it, 
amounting on the coast of Malabar to 10 inehi's in a dav, or 
nearly one third of the average annual rainfall of England. Nor 
18 this surprising, since the vapours of a wide circle of agitated 
ocean, perhaps 300 miles in diameter, are swept off with the 
greatest rapidity and collectetl in a pile of clouds of still greater 
extent. 

Among the most attractivo of the early attempts to explain tho 
nature and origin of hurricanes must be placed that of Mr. Espy, 
who supposed the etorm to be occasioned by an inrnsh of winds 
from all sides to a vacuum left hy a heated and ascending colimm 
of air. But he did not account for the revolution of the storm. 
To supply this omission, it was suggested by Mr. Taylor that the 
inflowing winds being deflected in their passage, all struck the 
central column obliquely, and thua made it revolve (fig. 79). 
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But, in trntb, the whole storm rerolTca, 
and not merely the central column. Nor Fig. 7&, 

c^La it be admitted Hint the centripetal 
winds misa their mark, owing to deflec- 
tion, since being aspirated ^'inde they 
begin at the centre and are propagated 
backwards. Finally, those winds blowing 
from all quarters towards the centre are not 
in fact fotind in a cyclone, which, however 
wide may be its extension, is one whirling 
wind rcTolving round a centre. 

In speaking of cyclones or of w^hirlwinds in geneml, it is 
ordinarily assumed, for the sake of simplicity, that the wind re- 
volves in a circle ; but in truth it evcrj-where makea an angle 
of from 6 to 19 degrees with the tangent, and thus tends to ihe 
centre in a spiral cuurse (fig. 80). Bat 
Uiis irregTilarity of curvature is so slight, ■^*" ^^■ 

80 variabk*, and so bard to be ascertained, 
that it IS niorD expedient to consider the 
cyclone as circular. The rash of air from 

all sides to the centre would be utterly . , - i i i- 

incompatiblc with the fall of the barometer U ( { ^"^v / / 
if the spiral current did not at the eamo 
time rise and uuite in one screw-like as- 
cending current. Within the storm the 
gusts of wind grow more violent towards the centre, because 
they cany the velocttj- of the circumference into smaller circuits. 
At the centre the violence abates more or less for a short time- 
Birds of ditferent kinds, butterflicSj, moths^, &c. are there found 
together, drii'en in by the wind. As the revolution of the storm 
is not perfectly circular, so the collective figure of the cyclone is 
not a circle, but rather an irregular oval with that side most de- 
veloped on which the prevailing wind favours the revolviug 
movement. The densest clouds, the heaviest rain, and fiercest 
M'ind are usually in the front of the cycloue in the direction of 
u^'armth and moisture, which latter, of course, is to be meamred 
by saturation. Owing to the irregular vorticose motions of (he 
wfajrlwiud; it ia e'tident that seamen caught by it £ad it difficult 
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to determme with exactness the curvature of its course, or 

■whether it be circular, spiral, or elliptic. It implies, therefor^, 
no disjiarageinent of their testimony to inffr that what seem to 
them to be circular currents are really spiral. The luotion of 
any point in a cyclone is L'ompouudetl of the revohnng and 
progressive motions of tbe storm, which combine to form an 
irregular spiral. 

In May 1863 the ship ^ Earl Dalhoasie ' scudded, at the rate 
of from 10 to 13 knots an hour, three times round the centre of 
a cyclone ; and off Mauritius the ' Cliarles Heddle' scudded 
round and round for five days, so that after sailing 1300 niilea 
she >vus but 3G0 miles from her 
starting-point (fig. 81). These 
examples do not prove that the 
wind did nut blow in closed circleaj 
but they show clearly enough 
that cyclones aro not composed 
of winds blowinjT in straight lines 
from all cjnartcrs to one point. 

The violent and destructive 
force of hurricanes form a tbeme 
too copious itnd at the same time 
too foreign from the object of 
this volume to be here dwelt on. We learn from the air-gun 
the strength which air may acquire from compression ; but we 
cannot the less wonder at seeing it exercise, without compulsion 
and in the free atnios phere, an apparently equal force. We 
read of heavy guns (24-pounders), moved some distance by 
the winds, of large buildings lifted from their foundations^ of 
houses with their inhabitants blown from a distance into the seaj 
of sea-shores covered with birds and fish crushed by the storm, 
of large ships thrown from deep watur high up on the land. 
The history of hurricanes is filled with prodigy ; and those who 
witness prodigies arc perhaps unable to curb imagiuatioa ; for 
it is hard to believe that thunder is not audible while the hur- 
ricane roars, and that the wind is luminous or gleams at every 
fresh gust as if with faint lightning. As the wind blows from all 
quarters within the cyclone, the resuh ia a very agitated crosst 
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sea, with an unusual quantity of brgken water and dying spra^, 
which adds to the s**ainan's troubles. 

Though little reliance can be placed on the statistics of the 
wind, and no yaluable information is imparted by stating how 
many cubic miles of air or of water enter or proceed from a 
cyclone, yet it may be mentioned, as a curiosity of calculation, 
that the force exerted by the hurricane which laid waste a part 
of Cuba for three days (from the 5lh to the 7th of October, 
1844) is compntwl to have equalled the power of 473,5CH),tKX) 
horses, or about 15 times all the power of horses^ men^ and mar- 
chineiy that the whole cjirth could fnmisb In the same time* 

The danger attending revolving storms has been of lat-e years 
much daminishcd by the study of their peculiar character, and 
the light thereby thrown on their movements. The mariner's 
chief care must be to ovoid the centre of the storm, and perhaps 
while doing so he may be able to avail himself of the portion ot 
its circumference directs! to bis destination. If we sappoee the 
wind in a cyclone to revolve in 
a circle, then its direction at any 
point will be at right angles to 
a line drawn to the centre of the 
storm. Due north from that 
centre it will (in the northern 
hemisphere) blow from the east ; 
north-east of it, form the south- 
east, &c. Consequently a sea- 
man crossing a cyclone, as from 
a to 6 (fig. 82), and aware how 
it revolves^ niay learn, from the 
continual veering of the wind as 
he advances, the direction in which lies the centre, which he mnst 
carefully avoid. If the wind does not veer, then be goes directly to 
(he centre^ a danger of which bis barometer sIto will g;ivo him 
warning. If bJa course be not directed to the centre, the wind 
veers at every step. The particular mica by which a seaman may 
judge of his position in a cyclone are fully given by Profewor 
Dove in his work on the Laws of Storms ; while an ample his- 
tory of cyclones, with their nature practically considered from 
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the sailor^s poiut of i-iew^ may be found in the Sailor^s Horn- 
book of Mr. Piddington. 

Towards tl^fi end of the last eenturj, ivnd in an a^e of philoao- 
phy, Piiltier could find uo betU.^ expknutioa of the phenomena 
of trombes and waterspouts than the myBteriong agency of ele<>- 
tricity. In the cyclone (a plit;nomenon of the game kind, Imt on 
ti miicli greater scale) the whirlwind has so far outgrown the 
ac-c-onipanying atmospheric distnrbanceg that these lose their 
relative importance ; and none of the writers on revolving storms 
at the present day^except, we beheve^Mr. Piddington, is disposed 
to iiscribe causation to the electricitj^ that attends any violent com- 
motion of the atmosphere. Professor Dove^ of Berlin, the highest 
authority in qnestiors of raetporology, suggesta thut cyclones 
arise from the disturbance of the lower currents of the atmo- 
spberej by the descent of opposite currents from above. The 
invading Ijody of air striking the invaded, in the northom hemi- 
sphere on the right, he say?, comjiels it to tnrn to the left, and 
continuing to press forward causes a complete* gyration, which, 
while constantly ttrged from above, U collectively carried on by 
the lower current. This account of the origin of cyclones is 
certainly more reasonable thim that pre\dously in vogue, which 
referred them to eomething mysterious and inexplica.ble ; yet it 
is far from satisfactory, and leaves untouched much that needs 
elucidation. It is not easy to understand why an extraordina^ 
influx of air from above should cause depresaion of the barometer, 
the invariable forerunner and attendant of hurricanes. Then the 
regularity with which they revolve, in a certain direction or 
against the sun in both hemispherG3j is not sufHcicntly accounted 
for when referred to the tumultuous agency of furious winds. 
Finally, no force can give birth to a force greatei' than itself ; 
it cannot of itself generate a motion of tmabated continuance or 
increasing velocity. Now the cyclone, after rnnning some dis- 
tance in obedience to its first impulse, wheels round at right 
angles to ita first direction, and then, with increased magnitude 
and velocity, travels a distance of perhaps 1000 miles. It is 
obvious that in this case the first impulse is reinforced by another, 
apparently stronger, generated within the storm itself, and tbns 
lengthening its duration. 
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Let us now end«ivour to trace the doTelopment of the cvclone, 
looking at the general characters of the whole cbiss of pheno- 
meaa with which it is oonne<;ted. Revolring storms anJ whirl- 
winds of every Unil make their appearance chiefly in warm 
climates, in the hot and humid season of the year and in calm 
weather. The atmosphere is then most liahle to be in an un- 
stable condition* The lowest stratum bc'ing the most heated is 
often lighter than that above it, the cahn air on a level surface 
acoumulating heat below faster than it part.^ with it above by 
intermixture. In this case any local dJsturbaiicej, as tlie heat of 
a black stone on land or a gathering of vaponr over the sea, may 
break the stillness and cause an ascending column of air, Thia 
ii instantly replacfld by an influx from aU sides ; and as there can 
hardly fail to bo some inequality in these uniting currents, some 
one of them will preponderate. Consequently the ascending 
column soon takes a spiral path round the vertical line ; and ns 
the warm air continues to flow up while the cold runs down^ 
rapid currents fill the spiral path. If there be vapour in this 
cnrrcnt it oondensea as it ascends ; and heat being thus disen- 
gaged^ ^ves fresh energy to the upward movement and adds to 
the increasing dilatation of the column, though the continued 
actioii of centrifugal force might suffice to explain the spreading 
of the revolving mafs. Hence it is evident why the waterspout 
takes in the clouds the form of an inverted cone with the apes 
turned downwards. In the waterspout, tromlie, and small tor^ 
nadc}, the rush of air to the base of the visible column and the 
current ascending within it, to disperse above, are easily ob- 
served. A communication is manifestly established between 
the air on the ground and the atmosphere higher up, the pro^ 
cess begiuomg with beat and ending with coolue^. The locnl 
origin of the phenomenon and the nature of the errand, with the 
completion of which it terminates, are clearly ascertained. 

But perhaps it may be said that there is little resembknce 
between a waterspout and a hurricane^ and that the latter, ivith 
a diameter of 1<X) miles or more, cannot be supposed to originate 
in any tri\-ial local disturbance. Certainly, in form and dimen- 
sions, the folly developed cyclone has little in common with the 
local eddy of wind ; yet it must be remembered that all claww 
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of vorticose phenomena vary in magiiitudo. All bo^iri aiiiall, 
the largest of each class neverthel'^ea attaining the dimonsiona 
with which the next class coramences. Whilo dtC^ring in size 
they may agree in constitution ; and differences a.]>pari?ntly great 
may arise between thcni merely from nncqnal development 
Suppose a communication in n vertical line to be suddenly 
opened between tho warm air at the surface of the ground and 
the air 300 foot higher up and 20^ cooler, a rapid ascent of air 
would take place, and the tornado prodnced by it would attain 
dimensions strictly limit<id by the atmospheric areas and the 
amount of inequality calling for adjustment. But place this 
tornado on a warm ocean, and sec the transformation it will 
undergo. The rush of wind at the surfivM of the sea which 
be^ns it will bo accompanied by abundant vapour. Tliis vapoar, 
as it riscfl, being condensed, will give out heat ; this quickens 
the cnrrentj gives fresh energy and enlarged dimen.sions to the 
whirling column. As tho diameter of the tornado increases, the 
area inrolTcd by it and the vapour swept into it increase in a 
duplicate ratio. To the supply of that vapour there is no near 
limit^ while in the heat disengaged from it wo find a power, 
originating within the whirlwind itself, which ensures its foU 
development and lends it vitalily, so that it can travel even from 
the tropic to the polar circle. 

In one respect waterspouts^ tornadoes, and all whirlwinds of a 
minor claes differ from cyclones, for they revolve indifferently 
from left, to right or from right to left. Their revolution is 
determined by tho predominance of wind from one aide^ and that 
generaQy depends on the configuration of the surface- But 
cyclones are removed by their magnitude from the absolute sway 
of local iutlucnce. Covering an extensive area, they obey the 
deflecting impulse dne to the earth's rotation. As that increases 
with distance from the equator, it must always predominate on 
the polar side of tho cyclone, and thus determines its revolution, 
which, as if due Ui the pressure of a polar wind on the north 
and an equatorial wind on tho south, is always from right to letTt 
in the northern hemisphere. Though the reserablance of hur- 
ricanes or cyclones to waterspouts and tornadoes is not ob%'ions 
to the senses, their similarity may be discovered by a Httlo 
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attentive Ponsideration. In the minor phenomenon we ohserve 
a rush of air to the base of the column ; we see proofs of its 
ascent and of its diffusion at the sunmnit. Now in the cyclone 
the hurriciine-winJ is the inrushiii^ air ; its ascent in the centre 
of the storm is proved hy the barometer, and its diffusion ahore 
18 seen in the piles of clouds evolved from the storm and over- 
hanging it to a great extent around. The quantity of nir which 
has rushed np may ho estimated from the quantity of vapour 
spread in the clouds or falling in torrents, tmd which constitutes 
the animating principle of cyclones. 

It may be conjectured that for the creation of a violent revolv- 
ig storm no condition is more important than the close approach 
of two currents of air of widely different temperatures, the cold 
and heavy above, the warm and light below. This is exeniplifie»d 
on the eastern side of Armenia, where elevated plains abruptly 
terminate in deep valleys. As soon as the cold winds from the 
Caucasus reach the edge of the tableland, hurneanes and hail- 
storms desolate tho low country. Though cyclones may occur 
at all seasons^ they are far most frequent in Augnet and Septem- 
ber, when warm currents of air and vapour probably reach the 
greatest altitude, and when the summer atmosphere of one 
hemisphere and the winter atmosphere of the other are about to 
change pliices. 

Although whirlwinds and cyclones ore generally regarded as 
poeuhar to the warm zones of the earth, in which they arc con- 
stantly met withj there is reason to believe that they occur in all 
climates, and more frequently than is supposed* The Buran, or 
snow-storm of Russia and Siberia, appears to be a cyclone, and 
to spring, as in warm cllmatefi, from diiFerence of temperature 
Ijctween aerial currents. Two kinds of Buran are recognized, 
1 iz. the one irom above, the other from below. In the former, 
the wind is accompanied by a fall of snow ; in the latter, the 
snow is swept off the ground by the stormy wind. The snow, 
leathered in thick masses, is whirled about in such disorder as 
totally to distract and bewilder all overtaken by the stomi, and 
numbers perish close to their own doors. Yet it is not the 
dri'i'ing snow and darkness that make the Buran so formidable, 
but the sudden change of temperature that attends it. The wind 
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that descends with such fury at the same time lowers the tempe- 
rature perhaps 20°. Reindeer harnessed in the sledge are frozen ; 
and the intense cold, which is endurable in a calm atmosphere, 
becomes quickly fatal when borne by violent blasts of wind. It 
is related that in the winter of 1827-28, a Kirghis Horde, on the 
left bank of the Volga, lost by a Buran 280,500 horses, 10,000 
camels, 74,450 horned cattle, and 1,012,000 sheep. On the 
Russian borders these storms most frequently occur in the 
middle of winter ; further east in Siberia they are more likely to 
rage about the equinoxes or at the changes of the season. A 
great Buran seems to be a series of whirlwinds. It ravages the 
Tundras and open naked plains, but never approaches forests. 
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CHAPTER XV. 

Clouds. — Lightnesft of Vapour — Teiideflcy to Mgular Structure. — IloTard'a 
Nomeaclatu re— Cirrus— CuiBu!u3^-Stmtu8. — Vain attempts to inuJtiply 
Diaticctioas. — Tlie support of the Clouds. — ^The Vesicular Theory. — 
Viscoajty. — Clouds merely transient ^Pfooffi 6f aome Stabilitr. — Cumuli 
in dry weather. — Clouds travel far. — ^The CJIobular Theory juetided. — 
AVhy Cloudd do not exhibit the pmtuadc colours. 

Water Itas a ™ible incUnafion to imbllie heat and, combined 
witli it, to evapotate or go off in the gastrous form as m\-isible 
vapour. That it is urged to this change by chemical aflBnity or 
by an innate elasticity hardly held in check by the pressure of 
the atniosjjbfrej may be suspected from the fact that eva|>orafioa 
takes place at all teniperaturea^ increasing, however, with the 
supply of heat and the dimmntion of pressiire. Aqueons vapour 
iu tht! gaseous fonn, when once constituted and mixed with, pei^ 
manent gases, acquires in some degree the stability of a true gas, 
and retains thp gaseous form at a temperature nmich lower thou 
tliat necessary in the first instance for its formation. 

Aqneous vapour, being lighter than air in the ratio of -625 to 
I'OUO, ascends at Duce under the control of twoopposite inflaences 
— Dainely, heat, which gives it life and ela^ticitj-, and atmospheric 
pressure, which restrains it. As it ascends^ the surrounding 
teuiperattux^ and also the prcissure diminii^h ; and there is reason 
to believe that in the lower regions of the atmosphere the decrease 
of preaaure ftdly counterbalances the loss of temjjerature that 
attendf} increased elevation. The gaseous vapour that rises under 
a clear sky finds the atinosphere drier the higher it ascends, and 
being rapidly diftused, remains inrisible at a great elevation. It 
fonus no cloud nor discernible haze ; yet an esperienoed eye 
can generally distinguishj even in a perfectly cloudless sky, b^^ 
tween a humid and a dry atmosphere. The pure intense bine 
of the latter is rendered pale by humidity. In the one case we 
see a canopy of deep blue strongly illuminated ; in the other tha 
colour and effidgence seem to be softened by a delicate white 
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veil. On t^^SiftXIing of u vtanu sammor's day the vapour 
descends ; the hlne sky grows ]>aier and less Uiminoiis, till at 
length the indijstinct haze gathers into the perfcctiy dofiufd form 
of clouds which reflect the rajs of the setting sun. This we hc- 
lievp to he tho ordinary proceaa of (.'loud formation. Vapour 
ascends in ita tranjipareut state to the higher regions of the 
atmosphere, and thence again it descends, charged with the 
electricity of those regions, to fonn clouds. These are not 
transparent, becttuso the vapour in siukinjrf undergoes a change 
of state ; it changes into minute molecules of flnid ; and sinee 
air and water have different refractive powers, light cannot pass 
through a cloud formed of their particles mixpd together. Clouds, 
however, do sometimes riae directly from the ground. Morning 
mists in spring may he often observed as they ascend, till at a 
certain le%'el tbey go off as rounded clouds or cumuli. But theao 
probably break np and disappear, or if not, they soon return to 
tteir former CDn(Ution, and fall as nocturnal mi&ts. Clonds and 
Qust^ are easentially the same ; though in the measure and 
stability of the power that supports them they may possibly 
differ. 

Clouds often appear shapelesH and confused, spread out in the 
heavens like a screen, or rolling along without order ; but very 
frequently they manifest a tendency to regularity of shape and 
armngenient, and have perhaps always more of this than ia 
visible from below. They seem to be influenced by an attracting 
or aggregating principle, which, uniformly dift'uaed thronghaut, 
inclines them in calm weather to collect in similar groups, at 
equal distances and in straight lines. As thi^y gsither thickly, 
the inten'als between the groups are filled up, and all seem to 
melt into a single mass, although from above they might present 
the api»earance of a series of ridges. In dispersing, they offer 
the same iQdication& of original structure. As the cloud grows 
thin and breaks up, the widespread uniform mass chauges to a 
series of wave-Uke lines, often divided so as to form a mottled 
sky not without symmetry. This coherence of a body floating 
in the air implies some inherent principle of attraction and 
repulsion, feeble jmd often concealed. Lines of clouds lie gene- 
rally at right angles to the direction of the wind, and in this case 
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they are oflen broken into eqaal patches ; but sometimes, after 
high winds, cluuds may be seen apparently sw^pt and drawn oat 
in the direction of the wind. A narrow line of clouds drawn 
completely across the sky may occasionally he obserred marking 
the contact of the X.E- and S.W. winds. Clouds in general are 
level at their under surface, while above they are irregularly 
piled up, and seen from a balloon present the ajipearance of bills 
and monntains presswl together. The generaJ height of the 
clouds in tine weather is^ in middle latitudes^ from 4000 to 9000 
feet. They are higher in summer than ia winter. When pr<>- 
cipitation takes place they sink, and ruin gc^nendiy falls in 
temperate latitudes from the height of from liOO to 2500 feet. 
We know of no limit to the thickness of the clouds'. When 
Messrs. Bixio and Barnd ascended in a balloon from Paris in 
1850, they passed through a cloud two miles thick. Bat that was 
probably unueual- The occasionally extreme darknesa of the 
clouds may be caused by their thickness ; but it is more frequently 
due to a number of strata flouting nt diSerent heigbta and 
intercepting the light from those beueatli. 

In attempting to describe the clouds, it is impossible to dis- 
pense with the simple and expressive nomenclature devised for 
(hffta by Mr. Luke Howard. He distinguished in them three 
predominant forms, viz. the CirruSj the Cumolus, and the Stratus ; 
tbat is to say, the combed or curried, the heaped or rolled up, and 
the strewed or spread out cloud. The cirrus is the delicate feather- 
like, perfectly white cloud, commonly called Mare's Tail, which 
is seen at great heights, and therefore rarely in bad w^eather. It 
has a. filamentous appearance, and the regular arrangement of ita 
filament* justifies Ibe application to it of the epithet " combed." 
This regularity has been aacribod by some to electricity, by 
others to wind, which latter, however, is more likely to cause 
irregularity or to destroy a delicate texture. It might, however, 
be considered in many cases as the effect of atmospheric \ibriitaoD 
or undulation, which throws the cundt-nsed light vapour into lines, 
just as sea-weed is ranged in parallel lines by the waves of a 
summer sea. The cirrus belongs to the uppermost current, w, 
in our quarter of the globe, generally to the S.W. wind. Its 
stem very often extends from S.W. to N.E*, while its petals lie 
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at right angles to that direction. From the great height at 
which cirrus 15 sometimes seen, 20^000 to 30,000, or even, ia 
low latittidcH, 4O,UU0 fyet ; and from th& optical phenomena, 
coloured liabes, parhelia, &c, in which it takes a. part, there ia 
renson to beKeve that the vapour composing it must be at timea 
cnngealiHl, or that the cloud is composed of minute icicles. 

The cuiimlus or cloud-heap h in tine weather the most 
freqnent a3 well aa the moat cheerful and attractive form of 
cloud. Ita base is perfectly level, bnt above it is piled up 
irregularly, exhibiting, in proportion as the weather is settled, 
rouaded and iirmly defined edgx^s. The upper borders of the 
cunmlus reflect the sun's light in great abundance, forming in 
fact the most agreeably luminous portions of the summer sky, 
while the parts averted from tho sun wear a soft purfJish neutral 
tint. The cirrus is under ordinary circumstaaces uniformly 
white and colourless ; but the cnmidus, with great variety of 
tint, is, when irrailiated by the aun, not merely white, but 
extremely splendid. 

The stratus is the cloud drawn at times like a curtain over the 
whole sky, so as completely to shut out the bright light of 
heaven. More frequently it lies very low, and is always fcature- 
and gloomy. Of the numerous snbvarieties of clouds, com- 

ling in a greater or less degree the chai-acterijstics of those 
already mentioned, it will be sutficient here to mention the cirro- 
cumulus and the cirrostratus, or the mottled and mackerel clouds, 
in which the ordinary cumulus and stratus exhibit at a lower 
level rude imitations of the svmmetrical arrangement that dis- 
tinguishes the ciiTUs in the calm of the upper region. The nim- 
bns or rain-cloud (that is to sayj the cloud in the state of dis- 
solution) naturally ends the list. Its characteristic is tliat it 
touches the ground. It is a stratus falling and ceasing to exist 
as a cloud. 

Some attempts have been made to improve our knowledge of 
the clouds by an elaborate and complex classification of them, in 
which every peculiarity would be regarded a;* a specific differ- 
ence. But no advance towards accuracy can be made by multi- 
plying distinctions where there exists do broad difference. The 
various clflsses of clouds pass one into tht^ other by inaensiblu 
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degrees, Ereiy possible modification of clond, from the drnw 
to the nimbus, maj be seen in the heavens, and few hare a 
proiTimency that demands pattictttar attention. The intrinsic 
atomic force which collects vapour and distributes it, shows its 
power most perfectly in the upper regions, where the medimn is 
thiiij the aqneous particles light, and calm prevails. Hence the 
cirrns is always and uniformly regular. Lower down in a denser 
medium clouds gather in larger masses ; but as rocks e^xamined 
with the microscope arc often found to be formed of minute 
crystals, sio perhaps thick clonds may be composed of masses of 
cirri rolled together, or, more strictly, some regularity of structure 
may lie hidden in the apparently confused heap> In the region 
of winds and the commotions caused hy currents ascending from 
the heated surface of the earth, regularity of form and sym- 
jcetrical disposition are but rarely seen in the clouds, and never 
■uniform throughout. But the vaponr^-coUectino attraction, for 
which we have no name, is still present, though overpowered in 
the thick clond ; and those who look to the clouds for indications 
of change of weather, ought to !u" able not merely to recogniie 
the prt'sence of that principle, but also to estimate its relative 
strength. Littie is to be learned at any time from the octoal 
state of the clonds ; but the cliange thev are undergoing is alwai"9 
instructive. Observations should therefore be directed to ascer- 
tain whether they are fining in compactness and self-snstaining 

power, or relaxing and tending towards dissolution. The cumu- 
lus in fine weather flies at a considerable height, varies little in 

size, assumes a Sfiherical figure, with firmly defined and clean 

edges (fig. 83). If elonds of this 

classare seen of verydifferentsizes, 

breaking asunder or joinlBg to- 
gether, with torn or fringed edge^, 

and flatteniiig as if through loss 

of cohesion, then they are about 

to be converted into stratus or 

nimbus, and to be precipitated as 

rain (fig. 84), 

Gaseous vapour may be reduced by pressure to the liquid 

Opaqno form without precipitation. Fog is clond on the groin 
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and bearing the pressuro 

of the 'whole atmosphere ; 

jet it is dry and highly 

electric. On sea-coasts 

it is oPt-en observed that 

the air becomes thick of 

foggy about the time of 

high tide. Tb[s prohably urises from iho pressure exercised on the 

base of the atmosphere by the rise of the wiitor. Though n rise 

of 10 or 20 feet can have no appreciahle effect on the atmosphere, 

yet it may perceptiWy affect its lowest stratam, which is most 

loaded with moisture, and in which aiono the change in question 

has been observed. 

It is impossible to fix one's attention on the clouds without 
being led to inquire how they aro supported. Aqueous vapour 
in the gaseous state is lighter than air, and therefore ascends. 
It is then transparent ; but when it sinks and becomes opaque 
m the cloud, it is no longer gaseous but fluid, and therefore 
mnch heavier than air. How, then, is it sustained and enabU-d to 
float in an apparently compact masfl at a certain level ? The 
consideration of this question is heedlessly passed over by some 
meteorologists, ■s\hile others try to evade its difheultie:^ by subtle 
rhetoric* It ia very generally assumefl that the fluid particles of 
mist, fog, or rain are vesicles or minute bubbles, internally filled 
with and buoyed up by vapour. These vesicles arts rarely 
aible to the naked eye, but may be easily esamlned with a 
microscope. Examination, however, affords no proof of their 
hoUowne&s or vesicular structure, which is evidently assumed afl 
the only means of accounting either fur their buoyancy or for 
their never reflecting the coloured rays of solar light. Kratzcn- 
stein, who first studied them carefully, estimated the mv&n 
diameter of a vesielo to be the ^cn of an inch. De Saussure 
found the smallest t^V&i ^^^ largest ^'j^ of an inch. The in- 
vestigatioui^ of Kfemtx give the j^W ^^ *^" '"^^ ^^^ their mean 
diameter. The more recent researches of Dr. "Waller (Phil Trans. 
1847) assign to these globules (for he does not call them vesicles) 
a diameter varying from the ^Vtr *^^ ^^ ^"*^^ '"^ three t)m«fi 
that size, and he supposes the globules of mist or fog to have ten 
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times that Diagnitude. His observations are extremely int^reat- 
ing and instructive ; yet in reading them it is necessary to boar 
in mind that aqueous globules formed under the microscope from 
the hreath or warm water may imperfectly represent those pro^ 
duced in the atmosphere by a gratlnal process, at a low tempe- 
ratore, and under diminished pressure. 

Kratzenstein, the author of the vesicular theory, urged that 
thfi minute spherieal parcels of liquid composing the clouds can- 
not be globules, since they do not reiract and reflect the solar 
rays. A cloud formed of globtdes of water is capable of exhibit- 
ing a rainbow ; but rainbows are seen only when rain is falliaj^ 
and never in the clouds. This argument has been hitherto 
deemed unanswerable ; and in order to elude it, Sir J. HerscheJ, 
who conld not assent to the vesicular theory, suggested tliat the 
globules are incnpable of reflecting coloured light owing to their 
minuteness^ On this supposition their thickness cannot exceed 



the ^ 5^^, - of an inch, or the hnndredth part of the diameter 
assigned to them by obser^'^ation. Besidps, globoles too small to 
Ftflect light would transmit it and would not therefore form an 
opaque cloud. The same philosopher, consistently with his own 
hypothesis, hesitates to admit the assertion of De Saussnre, that 
" the vesicles (as he called them) may bo seen in a good light, 
even with the naked eye." That globules may be \-isible to the 
naked eye, and at the same time buoyant, is Iwlieved by thft 
writer of these pages, because he once witnessed the phenomeoon 
when overtaken by a cloud of threatening aspect on Mount 
Leinster (Ireland), about 2-100 feet high. The globules, about 
half the size of hemp-seed, flitted nlmnt in tlie wind witli little 
inclination to fall. 

Aqueous vesicles, being hoUow, would be lighter than glo- 
bules, but still heavier than air, and are therefore not calcnlated to 
obviate the difficulty of explaining how the clouds are supported, 
while they are attended, as Sir J. Herschel has remarked, with 
the serious difficulty " of conceiving in what possible way they 
could he formed,'^ Kratzenstein called to Ihe support of his 
vesicles the viscosity of the air ; and this doctrine has been of lato 
years revived. The viscosity of the air, we are told, offers so 
much resistance to the fall of these minute and perishable par^ 
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tides, that tboiigh consiajitly falling, they can never reach the 
ground. Miitheniaticiiiiis can deal with the infinitely great and 
infinitelv small, and in so doing wander a goud way from reality. 
The inflnitpsinial drop of water held immovably in the air bears 
no resemblance to the drn.«e cloud containing hundreds of tons 
of water. The proportions of the supported to tke supporting 
body in tlie two cases are widely diiFerent. Tiie air U extremely 
mobile and kept in constant circulation by partial dill'erencea in 
weight. If by its vifscoaity it becomes attached to a heavy par- 
tide, it of coursjo sinks with it. Viscosity cannot contend with 
gravitation. It does not prevent the rise of vapour ; why should 
it obstruct its fall? Why are the cloud& peretuptorily checked 
by viscosit}' only at a certain level ? They rise and fall to cer- 
tain heights with changes of tempeniture. Is this reconcilable 
with the doctrine of viscosity? Does the sauia principle which 
forbtds the clouds to i'all to the earth by their weight, allow 
them to promptly obey the impulses arising from the slightest 
changes of wpight ? Thev are sometimes precipitated as rain ; 
is that, too, to be ascribed to the sudden disappearancje of viscosity '/ 
Cirri at a great height are seen at times to reflect coloured light, 
whence it is concluded that their vapour is eongealed^not, of 
course, in the form of globules or vesicles, but of minute apiculea 
or needles, such as in the lower atmosphere wouJd assuredly fall to 
the groiuid ; yet they are thick enough to reflect light, and firmly 
keep their place at an elevation where the density of the air and 
therefore its viscosity also are perhaps but a third of what they 
are near the earth's surlacc. 

The formation of vesicles is inexplicable, while globules of 
w^ater, light as air and uuable to dii&perse solar light, are no less 
embaratsstng. To meet these difficulties some of the moat 
eminent philosophers and meteorologists have resorted to the 
expedient of substituting rlietoric for logic, and describe the 
clouds as phantoms relieved from subjection to the laws of mat- 
ter by their want of reality. Dove says of it, " a cloud is nothiug 
substantial ; it is not a production but a process. It exists only 
inasmuch aa it comes and goes. It haa no more solidity than 
the white foan) on a mountain stream." According to Sir J. 
Herschelj " it is more than probable that when not actually min- 
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ing, & cloud is alwajs in proce-ss ot 

dliasolution from above ;" and he adds, " in a word, a clond 
would seem to be merely the visible fotm of an atrial space in 
which certain processes are at the moment in rEquilihAo^ and all 
thp particles in a state of upward movement.** 

Professor Kloeden^ too, deseribes a cloud as being " rather a 
conttunal process than n stable formation ; its vofricleS' falling ui 
fine weather can never reach the ground, being diss^ipated as 
soon aa they descend into warmer and drier air. Bat while tte 
vesicles dropping and vanishing are wastttd on its under side* 
fresh ones are supplied above, so that the cloud seems to be im- 
movable." Here w^e find it assumed that the vesicles fall con- 
stantly thongh im,-isiblTj the cloud being testored from above, 
while Sir J. Herschel supposes it to be replenished from below 
and wasted by evaporation above. The last-named eminent 
philosopher incidentally describt'S a pecuHar cloud maintained 
and supported^ bat certainly not by the balant^ processes of 
dissolution and deposition. In calm evemiigs after sunset, as 
seen from the Royal Obsrrvatorv' on Greenwich Hill, the vast 
irregular mass of smoke hovering over London appears to sab- 
side, *' Its heai>ed and turbulent outlines become flat, and it wnke 
rapidly into a low level cloud bank with a very detinite outline, 
and fair sky above. It would &eem that each particle of s^oot, 
acting as an insulated radiant, collects dew on itself and $iaks 
down rapidly as a heavy body." Here, then, we have the example 
of a cloud with substance and weight sinking quickly, notwith- 
Ftanding the viacoaity of the air, to a certain level and there 
supported. 

The doctrine that the clonds are nn^^ubstantialj transient ap- 
paritions, being advocated by the most eminent men^ descrx'cs 
to be attentiveh- considered. Let U9 then, in order to examine 
the grounds of this opinion, obsen*e the formation of clonds. 
Suppose we have before tis a conical mountain 30O0 feet high. 
The hollows on its flanks towards the base are fiiii'd on a sara- 
mer's morning with mist, while a ?mall cloud formed by the 
ascending vapour hovers above its summit. As the monutaiti 
presents more surface than an equal area of level land, and tbp 
ascent of its vapour is facilitated by an inclined plane, its active 



PBOCESS OF FOHMATlON. 



219 



evaporation causes an indranghtj and Vispour rolls up ita sides 
from all directions. The confluent vapour ascends, till at a cer- 
tain h^^ight aboAO the mountain it is condensed and hrcomos a 
visible cloud. This change would never take plaee if the air 
were enabkid by its tonipyraturo to absorb at once the vapour as 
it arriving; but since it cnnnot do so, tho cloud inoreasea and 
spreads out till the cvaporatian from its upper surface equals' 
the afflux from below. Now this equalization docs not take 
place instiintly ; the cloud may couttnut? to increase for hours, 
and therofore cannot be wholly without stability. 

Again, at the Cape of Good Hope, the south-east wind from 
the sea strikes on the flanks of the Table Mountain 3582 feet 
high, flows over it and descends ou the oppos-ite side. Tho 
Tapour with which it is charged becomes condensed in its pas- 
sage over the summit of tho mountain^ forminrr the cloud called 
" the Table-Cloth ;" but as it descends from the height the cloud 
di.^apppars. These two examples are such as the advocates of 
the instability of the clonds would select as types of their fonna^ 
tioii. When told that a cloud is nothing but a process, we are 
given to understand that the condensation and dissolution of 
Tisible vapoar go on together ^rtjia^sw. But the fact is, that 
these antagonistic processes meet in perfect equality only in par- 
ticulnr eases ; their great inequality is the general rule. 

Ou a fine morning in spring or sommerj the asc^^nding mist 
often cut3 off the view of the heavens. As it rises, however^ the 
Bun pierces through it, and the opening screen shows glimpses of 
the blue sky ; till at length the masses of mist continually rising 
higher, take the form of clouds. They are now cumuli, wide 
apart, with firmly defined outlines, unlike the more transient 
cloud just described as formed above the mountain, the irregular 
etlges and prostrated figure of which betrayed its struggle for 
existence. No one who has ever attentively observed the forma- 
tion of these cumuli can doubt that they are formed bv a ■^■isible 
process in which dissolution has no share, and that so long as 
tbey remain visible, they are composed of the very vapour which 
be saw rising as mist. 

The ailtemoon may present a very difiTerent but equally in- 
stnictive spectacle* After some hours of great heat and not a 
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speck in tLe skj, about 2 oVIock some haze ts oWrvable, and 
ID leM tbaD haJfan boar tbe vrLole heaven ia closely covered with 
d^k clouds, which have manift-^tir descended from the upper 
pegions of the atrao^pbere. This is a phenomenon of almost 
Hailv occurrence in intertropical coantrie;^. But btnr can this 
sudden ac<ramtilation of cloud take place uiilei<« the process of 
di&^olntion be abtM^nt ? and if it be absent, then the cloud has some 
^lability. Agftin, tlii.* mottled, the mackerel cloud, and the cirri 
affect peculiar figures- Indeed siome tendency' towards regular 
arrangement may be seen in clouds of all kinds in calm weather. 
Thi* might be explained by attractions and other inherent pro- 
perttea of matter. Bat how could it be accounted for in an an- 
■abftuitial process, at once in a state of creation and extinction ? 
But the &trongc8t argument against the apparition-theory of 
clouds ist that it (."annot be reconciled with tlie most important 
doctrines of terrestrial physics inculcated by its eminent authors 
themselves. They tell us that by means of winds and clouds, 
nbtuidaTit rains are distributed over the globe^ and eirried from 
the equatorial ocean to lands in high latitudes. But hovr can 
that which is unsubstantial and of momentery existence bear 
§uch carriage ? If clonds be only processes of sinnaltaneons growth 
and extinction;, then every cloud must have originated in the 
tpot where it is seen. It cannot in that case be true that the 
iv&ntl and abundant rains that fall on the Alps, on the coasts of 
Ireland and of Norway, have come from the middle of the Atlantic 
Ooean. Ytt it is certain that rain is carrie<l by cloudii to a great 
"distance. When Dr. Barth was travelling southwards across the 
Salira to Bomu, he encamped in a dry valley in lat. 22° K. 
But suddenly rain fell, and the dry valley became the bed of an 
immense torrent. That rain certainly never originated in the 
evaporation of the desert. Droughts of three or four years con-^ 
tinnance occur at times in South Africa, But thongh in such 
ia rain fails, the clouds do not fail- Heavy clouds seeming 
tlireJtk'n a deluge roll over tho Winterberg (in the Cape 
Colony) ftir montli after month, and reach the soa apparently 
undiminished, after passing over many hundred miles of arid, 
snu'^hnrnt countrv^ incapable of contributing anv vapour to their 
yu]ipurt. Cloutk, and tlie dust trunveyed by them^ may natundly 
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be Biippo^ to come from the mme quarter. Now the sedunent 
left by bea^-y rain tliat fell in a storm at Grenoble in 1855, 
when C'xn.mined with the microscope, was found to contain organ- 
isms peculiar to the coast of South America. 

The vesicular theory of the clouds must be rejected, because 
while it fails to accouut satisfactorily for thtlr buoyancy, it leaves 
wholly unexplained tlte formation of reaidee, which seem to owe 
their existence not to any natural law, but to the exigency of a 
theory. They Cfuuiot receive any support from viscosity ; for 
particles of water, howeviT small they may be, must havo weight, 
which i» added to the weight of the air that entangles and retains 
them ; and air and wjiter together must yield to gravitation, 
Viscosity may hold but cannot support. The viscosity of air 
does not impair the mobility of air ; how, then, can it aflPeet 
the mobility of any thing else? In a cloud half a mile thickj 
therefore, the whole weight of the watery contents, say 1000 
tonSj would in this way rest on its lowest plane. It" the specific 
gravity of the vesicles exceed that of tho air, the diminution of 
their size cannot affoct the ultimate result ; their weight must hh 
borne by the base of the cloud. But the atmosphere beneath a 
cloud gives no sign of superadded weight, and therefore it can- 
not be admitted that it offers any resistance to the fall of the 
fluid. There is no compression in a cloud, the density of which 
at every altitude is that of the air around it. A cloud does not 
float as a eoherent mass, sinking in the air at its centre, and 
with a convex surface downwards, but is perfectly level at the 
base ; and yet above it is jiiled up in in-egnlar massep, which, 
looked down upon from a balloon, resemble snowy alpine 
scenery. It Is manifest, therefore, that the upper [forts of the 
cloud do not exercise the least pressure on those below them. 
In short a satisfactory account of the constitution of clouds must 
explain the fact that every globule in them is buoyed up, so aiS 
to be as light, while it moves as freely, as air. It needs no 
ttscoaitj' to support it, and knows nothing of pres3Ure or 
resistance. 

But if the aqueous particles of clouds are not vesicles, they 
must be globulesj which are still heavier ; and it is incumbent on 
us to show how globuleB may be supported in the atmosphere by 
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■beans less inexplicable tl^n the formatiOQ of vesicles, and al?o 
to account for their inability' to disperse heterogoneous light. 
Hat mista ascend and clund^ float in the air arc plain facts. As 
miats rise with, the increase of heat in the mommg^, it may bo 
inferred that they are aided bv aa ascending current of air. But 
this is not enough. It suggests, howeverj that the w^atenr par- 
ticles most be extremely minute ; for the weight of an aqneous 
globak is proportional to its volume, the external sustaining 
forces to its surface. But the Tolmne iacrea&es as the cube of 
the diameter ; the surface only as the square. Consequently as the 
globule increases in siie, its surface decreases in relation to ita 
weight, and ita buoyancy diminishes. If, therefore, the aqueous 
particles of mist were to strike together and oodoiice as they 
^cend, they would ineWtahly grow too heayy and ffiU at once to 
the ground ; and this wonld assuredly take place if thev weire 
not bv their nature incapable of such collision ; for they carry 
off with them the resinous or negative electricity of the e;irth'a 
surface, and coDsequcntly repel each other. This electricity in- 
vests each globule with a small atmosphere of repulsiou, which, 
acting on the air, has the ofl'ect of making the globule yirtually 
occupy u space much eiceediug its actual volume, and thus 
renders it buoyant. 

The mist which has risen in the manner just described may, 
aader certain circumstances, become a cloud ; but it will be mor« 
to our purpose to follow it throngh the ordinari,- course of evano- 
ratioa. The raiunte globules of the mist, with little mms juid 
much surface, and under reduced pressure at a groat elevation 
easily yield to the heat of thy sun, and go off in the gaseous 
form- The low temperature of the air above the clouds is dne in 
a great measure to its diathermancy. It allows the heat of the 
solar rays to pvss throngh it nndimimshed ; but not so the 
aqneons particles ; they seize and absorb the heat with avidity 
tnd expand into tra.n$parcnt vapour. In this condition they rise 
to the altitude at which positive electricity is predominant. 
And now another change awaitij thera. As the sun sinks to the 
horizon, the temperature of the atmosphere falls, and the vi^xiiir 
diffused through an attenuated medium condenses into extremely 
minute globules, well charged with 2x>8itiye electricity. JSow 
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become opaqup, it descends to a lower level of denser air, where the 
electricity enwrapping the humid molecule suffices to eupport 
it. Desceading clouds of tins Idnd seem to be gcacrallj b'gbter 
and to rest at a higher level than clouds that rise from the 
ground. Should the electricity of the cIoiiJ be withdra^vn, as in 
thunderstorm-'^, the globules left at liberty to coalesce fell to the 
ground as rain. 

For the athnisaibibtj of these views, appeal may be made to 
le recorded opinions of Sir John Herschel. Sppaking of the 
mnesion of electricity with gaseous matter, that philosopher 
says, " the simplest conception we can form is that of its invest- 
ing the ultimate molecules of vapour as an cleti.ric coating." 
Again, he observes, " tho comparatively high electric state of 
log (and clond is nothing else) ia an obvious csonae^uence of 
thia. Every minute globule of water of which fog consists car- 
ries about with it un electric coating, which it is ready to part 
with by contact discharge to the surface of any conductor ; and 
the denser the fog and the larger the globules, the great-er the 
amount of electricity given out." In writing those words he 
had in view oniy the development of atmospheric electricity, and 
took no heed of some particulars of great importance in another 
line of speculation. The larger the globule, the greater indee<? 
will be its electricity ; but though absolutely greater, yet pro- 
portionally less. As the g3ohule increases in size, its conneition 
with the elcetricity that supports it becomes more unstable ; the 
latter is more likely to be discharged, the former to fall as rain. 
A coating of electricity implies a coating of repulsion. Globules 
thus invested repel each other and also dry air. Thus electricity, 
itself imponderablcj creates a vacuum around theni. If a molecule 
of water be enwrapped with electricity of its own breadth, the 
resulting globule will have 3 times the diameter, 9 times 
the surface, and 27 times the volume of the molecule without 
any increase of weight. If we suppose the energy of the 
electricity to extend to 5 times the breadth of the molecule^ then 
the increased diameter, surface, and volume of the latter will be 
respectively as 11, 121, and 1331. 

Thus it appears that a minute globule of water is supported in 
the air^ just as a tine cambric neetllo floats on water. Between 
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clean polished steel and water there exists repulsion. Some force 
is required to bring them into contect. If, thenar ^ ^uiall clean 
needle be let fdl horizontally and from a short distance on 
water, the latter will jield to the repidsion, and will receive the 
needle, without contact, in a concave hedj the width of which 
will t* to the opposed semiLnrcoinference of the needle in the in- 
verse proportion of the specific gravit;' of water to that of steeL 
If the latter be 7 times that of water, then the breadth of the 
concflTe bed of water supporting the needle will be sevenfold the 
repelling surface of the latter. But the repulsion that bikes 
place between water and steel has not the ener^ of electricitVj 
nor can it operate at so great a distance. A i^mall globule of 
water may possibly occupy, by means of its electric repulsion, & 
space equal to a thousand times its own volume. The vigoroas 
repulsion exercised by electricity Is shown by the speed with 
which the emallest charge of it disperses light powders. Acting 
thus on the air, it protects the enclosed vajionr from contact, and 
thns mav account for its persistence in low temperatures. 

But the snn shines on the^e globnips in the clouds ; and if 
they refract tlie ^olar rays, wliy do they not reflect the colonred 
light product bj' such refraction ? We answer, it is not cer- 
tain that they refract the solar rays. The ray that falls on a 
raindrop converges to its back, and thence reflected, is refracted 
and appears as coloured light. But a ray falling on the vacuous 
envelope of a minute globule diverges from the latter, and can- 
not therefore be reflected from it, Clunds and mist arc brii-^ 
liantiy white when the &un sHnes on them. Tliey admit the 
lights entangle and retain it. In this respect thev resemble 
froth and foam, which are opaque mixtures of air and water or 
other transparent fluid- But these differ from the former in 
being vesicular ; and it is worthy of remark that tJie vt?sicle3 
comjjosing froth all cohere, and completely imprison tlie air ; 
wheread in clouds and mist the fluid particles move freely, 
repelling each other. On a dry simimer's day the ntniospliere 
often appears misty ; when it afterwards becomes perfectly trans- 
parent, rain is predicted. That opadtymay be attributed to the 
discontinuity of the molecules caused by electricity. The mists 
called by the Spaniards Calina and the Qobar of Abeasima, 
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described by M. d'Abbadie, are probably of the aame nature, dif- 
fering only in dpgroe. In order to be perfectly transparent, a 
medium must be continuaus and Lomogoueoos. TheHupposition 
tbat tho molecules of vapour aro coated with electric repulsion 
may servo to account foi' their consi^rvation of the gaseous form 
in very low teuipenitai'es, since they arc thus kept from actual 
contact with the dry air. Increase of heat is followed by still 
greater increioso of vapour, if wat-cr be present, but it weakens 
electricity. Henee high temperature leads tu rahi. Ttie sup- 
port of the clouds depends on the ratio subsisting between the 
quantity of the vapour and the strength of the electricity. 

If one smnlJ slip of plate glass be laid on another j, the trans- 
parency of the couple ia evidently less than that of the single 
slip. But they do not touch : this is easily demonstrable ; for 
by pressure'tbeymay be forced into contact at some point, round 
which will be seen the Newtoman coloured rtngs^ At thia point 

■ their transparency ia restored^, decreasing with distauce from it. 
At the same point there are uo reflections from the surfaces in 
contact ; they, in fact, there cease to be separate surfaces : but else- 

I where may be seen three reflected images (of a pin's point, for 
example), the middle one being the more strongly marked ; for 
on close examination it will be found to bo formed by the two 
images, nearly coinciding, reflected from the surfaces that lie to- 
gether. The pprcpption of the duplicity of the middle image, 
be it remarked, is eqiuvalent to percei^'ing the distance between 
the two slips of glass. Now if the experiment be made, not with 
two slips of glass, but with a pile of a score laid together, they 
will doubtless be found opaque, though transparent if forced into 
contact. If instead of slips of plat* glass we could employ 
minute glass globules, they would certainly, exposing a greater 
extent of surface, hold tog«?ther far more electricity. They 
would undoubtedly form an opaque mass ; and if very small in 
relation to their electric coating, they would not reflect coloured 
light. This illustration of the nature of a cloud is the more ap- 
posite, since there can be little doubt that the repulsion existing 
between two surfaces of glass is due to the electricity adhering 
to them. 

An eminent meteorologist informs us that vesicles and ice- 
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cn-stals, though heavier than air^ are nevertheless supported bj 
it5 resistance to their downward pressure. Is not this contrary 
to the laws of nature and to dailr experience ? Is any thing 
visible and heavier than air ever supported by calm air near ihe 
ground ? The vesicles, he observes, present much surface ; but 
surely the frozen si)icules present very little surface, and must be 
upheld by something else than the resistance of viscosity in a 
rarefied atmosphere. The fact that clouds lie in strata at differ- 
ent heights favours the supposition that they are supported by 
adventitious aid ; for it is easier to believe in different degrees of 
electrical development than in many forms of humidity differing 
in specific gravity. 
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RhId. — Oausee of Precipitatwu.— Cold, Pressure, Mixture. — Rule ofBiuufdlt 
— how nmnsured. — Growth of Kaio-drope. — Unuqiml UifltTibuUon,— 
Sudtlea Raine. — Constant Rains. — Region of two Rainj Sensona,^ 
Winter Raina. — Summer Rains. — Ruicm ut all SensoDa. — RoJnfjjjflll^lerD 
A^cfL, — Raiule^ Tracts. — Rama uf Europe — of the United. Statea. 

The clouds consist of aqueous vapour rolled up to be transported 
by the winds. Being for tke most part offspring of the ocean, 
their birth would be IruItlesSj and Die purposes of circulation 
would be frustrat.ed, w<?ro tlioy to end where thoy began ; but 
borne off by the mnds and enabled to precipitate their contents 
on tbe land, tbey unceasingly diffuse overtbo earth the huntidity 
req^uired for life and organizidion. The mode of its distribution 
in respect of season and quantity now remains to be considered. 
Precipitation of rain takes place as soon as the atmosphere is 
surcharged with vapour, or when the limits of its saturation are 
exceeded. "Wherever water ia present and the temperature high, 
the air is sure to be loaded with vapour^ the least increase of 
which would cause repletion* Evaporation is then repressed, 
but ia ever ready to go forward. In this state of things any 
compression, such aa would be caused by a discharge of elec- 
tricity or a faU- of temperatm-e, suffices to condense the vapour, 
which falls as rain, and, imder the circumstances describedj is 
immediately replaced by fresh vapour to be precipitated in its 
ttim. . But by tliis fall of rain the cloud- or vapour-bearing 
volume of almo^phere Is- not completely drained. Iso longer 
fully sattimtcd, it holds the moisture that remains to it with 
firmer grasp. If it be carried off by the wind to a cooler latitude, 
tlie limit of saturation sink:* with the temperattU'O ; the same 
cloud-current, therefore, again throws down rain, and repeatedly 
goes through the same process until completely exhausted* All 
the humidity that floats in the atmosphere may be wrung from 
it by cold. But even without any considerable fall of tempera- 
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tare, the mixture of two cnrrents of air with different tempera 
tares always lawers the point of s^ntnration, and therefore tends t( 
cause a fall of rain. It hardly needs to he expressly pointed out 
that if we he justified in supposing the huoyancy of cloud-vapoi 
tfl be due to the electricity that envelopes its particles, then anyl 
thing that vitlidrawa or extinguishes that electricity (as, for ex- 
amplcj contact with or close approach to land) must bring on 
preeipitation. 

An atmosphere completely saturated, and. in which precipitation' 
is always imminent, occurs often between the tropics, and always 
in the central region or belt of equatorial calms. There tlio 
cloudy. canopy overhead appears erer ready to fall under the load 
of the hamiditr it sustains. The damp, warm, drowsy atmo- 
Bphere and the sea beneath it are languid and motionless. On 
a sudden comes a thunderstormj then whirlwindj and the rain 
falls in torrents $uch as are rarely witnessed elsewhere. The 
tornado over, another inten-al of sultry torpor succeeds. 

The rate at which rain falls may bo easily and accurately 
measured by receiving it perjiendicularly in a vessel with {.laralleJ 
sides. The surface on which it is then collected and measuredl 
being equal to that on which it talis, it is evident that the height 
of the water collected at any tirao is proportional to the quantity 
that has fdlen. But the height of the water collected from rain 
in this manner increases very slowly ; in genend it amoanta 
only to a small fraction of an Inch per day* It is therefore found., 
more convenient to contract the vesael that finally receives iht 
rain, the variations in the quantity of which are thus ^-isiblj 
magnified and more easily observed. Let us suppose, then, 
funnel-shaped vessel of metal, opening above with an area of It 
square inches, and communi eating below with n gl:i^$ tube having 
an area equal to 1 square inch. It is obvious that water falling 
on and covering to the depth of 1 inch the area of the funnel 
would fill ItH) inches of the tube, that one tenth of an inch on 
the former would make 10 inches in the latter, and that a fall 
of a hundredth of an inch of rain on the funnel would be an inch. 
easily and exactly measured in the tube. To make the indicatioi 
of the rain-gauge perfectly correct, care must be taken that th( 
rain &1I perpendicidarly on the aperture made to rec-eive it ; 
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if it falls obliquely tlie broadth of the column of rain received 
will be really less than that of the funnel. It ought to be rap- 
trivptl, therefore, that tlie wind, as it drives the rain, m,iy at the 
same time change in a suitable manner the pa.sitiou of the rain- 
gauge. 

This instrument enables u& £o ascertain that rain-drops increase 
during their fall from nbovt>. If rain-gauges be placed on the 
Eummitf at the middle, and at the hase of a. high tower, that at 
the top will be found to collect the leiist, and that on the ground 
the greatest quantity of water. Thus the tower of York Himster 
is 212 feet above the groimd ; the roof of the adjoining Museum 
has a height of 43 feet j and observations continued for four years 
(1832 to 1835 inclusive) show that the quantities of rain that 
fall on the tower, the roof of the' Museum^ aud the ground respec- 
tively are in the ratio of 59, 70, and 100. Observations made at 
the Observatory in Paris and at Besant^on give siinikr restdts. 
From experiments made in York in 1840 to determine the growth 
of the rain-drop vrithin narrower limits, it wna found that its 
increase may be represented by the following numbers : — 

12 feet above tho ground 820)3 or 0-976 

6 „ 825fl or 0-082 

d „ 3814 or 0-y89 

„ 8407 or I'OOO 

More recent esperinients concur in proving the increase of 
the falling rain-drop, and. that it increa.*es most rapidly near the 
ground ; but as to the rate of that increase, they difler so much 
as to justify the suspicion that it is not constant, but depends on 
the state of the atmosphere. 

It appears certitin;, however, that the rain-drop ordinarily 
gathers humidity as it falls ; and since its increase far exceeds 
what could be explained by supposing that it condenses all the 
Vapour met with in its passage through tho air, we must con- 
clude that minute particles of water, or what may be described 
as aq^ut'ous dust, float iu the atmosphere when it is in a rainy 
condition. Hence showers of rain, iu this case called by the 
French serein, often fall from a cloudless sky* Vapour being 
decidedly lighter than air must tend to ascend ; but liquid parti- 
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clea assuredly sink^ however slowly j and when the barometer 
falls, they, becoming relatiTely heavier, sink more rapidly. Hence 
it is that on the approach of rain aluniinons flags become wet, 
and drops of water may be seen on oil-painted walls. 

At the eqnatorj where the atmosphere is loaded with moiatttre 
and the piles of clouds rise to au eaomoii& height, the fall of 
rain must be incomparably greater than elsewhere. Bnt there 
are also extensive tracts of the earth on which rain seldom or 
never falls. Where it is not wholly wanting, the quantity that 
annnally faUs varies from 3 to 600 inches in the year, thongh 
the last amount (50 feet) falling at Cherraponjee in the Khasya 
hills, at the head of the Bay of Bengal, may perhaps he regarded 
aa exceptionally great and elsewhere nnapproached. When it 
is considered that an inch of rain on an acre gives above 101 tons 
of water, it will be understood what floods must be produced by 
an annual fall of 50 feet of rain or of 60,600 tons per acre. The 
annual rainfall about London does not exceed 25 inches. Those 
who in temperate climates may think that they have experienced 
heavy rain would lie astonishe*! at the sudden deluges that some- 
times take place within the tropics. In the belt of equatorial 
calms the boiits han^ng at a ship^s &ide are often in a short time 
filled with water, and the surface of the sea becomes perfectly 
fresh, Dampier relates that when lying at anchor at the Isle of 
Gorgona (lat. 3" N.), on the coast of New Granada^ he and his 
crew drank chocolate on deck while it rained heaiily ; but they 
were unable to empty the calaba^cs^ the rain filling them as fast 
as the men could drink. On Land these prodigious torrenta are 
even more startling than at sea. 

Sudden and heavy falls of rain sometimes take place beyond 
the tropics. In October 1822, 30 inches (French) of rain fell 
in Genoa in one day, and the Uke occurred at Gibraltar in No- 
vember 1826. Joyeuse, in the valley of the Rlione, experienced 
in October 1^27 a fall of rain of nearly equal measure. In 
England, the heaviest rain recordetl in the Iake-di?trict of Cum- 
beriand amounts to 6*62 inches in one day. At Portree, in Skje, 
ID 1863, 12J inches fell in 13 hours. Even tie diy st^ppeis of 
Sonthern Russia arc not totally exempt from occasional falls of 
heavy rain j and in the Goverament of Samara there once frfl in 
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one day (2Qd August, 18o3) 370 inckes. Tlie greatest rainfall 
recorded in the United States is 18 inches at Crit*kil,on the 20th 
July, 1819. In Cherraponjee^ Just outiside of the tropic (in lat. 
25^ W N.), there fell in one month (June 1851) U7'2 inches, 
or more than falla in Eng;land in four years. 

In the equatorial belt of cahiis rain falls at all seasons, and 
tnost heavily about the time of tho equinoxesj when the enn 
Crosses the equator. Hca\y rainfjdb^ half a year apart, begin- 
ning in March and S<?ptembcr^ charactorke tho climato of all 
places near tlie equinoctial lino. But tho luminary on its way 
back and forward from tropic to tropic passes twice in the year 
over erery intermediate point, and everj-where as it approaches 
the zenith rain begins to fall. The poiiitjs uict within succession 
BS the aim recedes from the equator, occur in reversed order on 
lits return. Therefore places distant from that line have in tho 
^ Boithern hemisphere their early rains later than the remal cquj - 
box, and in the same degree their late rains earlier than the 
autumnal equinox. They have two i-ainy seaaonSj fteparated by a 
less interval iu their summer half year, anc^ a longer interval 
including winter, the inequality of these intervals increasing 
with the distance from the equator. But as at the tropic the two 
rainy seasons come nearer together^ they unite and form in June 
and July one rainy season of greater continuance. Thns the 
intertropical region may be distinguished witli respect to rains into 
five zones, viz. : — let, that of the calms, with Jilmost daily rain 
all the year round, and heaviest at tho equinoxes (this extends 
from lat. 3"^ S. to htt. b° :N.) ; 2ndly, two zones (N. and S.) of 
the double or intermitted raina, extending beyond the former to 
lat. 15° in both hemispheres ; and 3rdly, the two zones of single 
tropical nuns, terminating at the 2ath or 27th parallel N. and 
S. Near the tropica the rainy season is followed by ten months 
of dry weather, between that and the equator, where rain is 
incessant, may be found every intermediate gradation in the dis- 
tribution of rain. 

Though there is much truth in thp seaman's rule, that (between 
the tropics) rain follows the sun, yet in some cases its distribu- 
t-ion seems to depend less on the moveracDts of the luminary than 
on that of the belt of equatorial calmsj which, confined within 
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narrower limit^^ is also less regakr. That cloud-region is tie 
magazine of tropical rains, and whenever its excursions to the 
north or south fall short of their n^uaJ Dxtent, complaints may he 
heard, even within the tropics, of kteor insuffici entrain. Local 
circnrastances also, as sea-winds or the >-icinity of momitainBji 
may interfere TJ%-ith the course of tropical rains, as alwve ex- 
plained. Near the eqnator rain appears to he eveiywhere nearly 
constant in quantity. At aome distance from the equatorial 
helt of calms, Under the trade-winds, little rain falls at sea. It 
might be supposed that the early and late rains within the tropics 
would always he equal. But on laud, at some distance from the 
equator, and especially at great elevations, where estreoiejs of 
teinjierature are often felt^ the accumulation of heat depends on 
the prolonged continuance of the sun's presence ; and eonse- 
quently, since the greatest heat follows midsunmier, and hiuui- 
dity goes with beat, the autumnal or late rains are generally 
heavy^ while the early rains are so hght as almost to escape 
notice. Thus in Abessinia rain falls early in March;, yet it i^ 
often stated that tJie rainy aeason of that country is from June 
to September. 

It ifi a general character of tropical niins that they fall only by 
day. The nocturnal sky in low latitudes h ordinarily clear, the 
forenoon bright and cloudless ; but soon after midday cloudfi 
begin to gather, and at tbe hour when the diurnal heat haa 
reached its maximum (between two and three o'clock) and begins 
to decline, or, as some suppose, when the ascending current of 
air ceases, down comes a dood of rain, which rarely la&ta till 
sunset. In some places, as Rio de Janeiro, the cessation of the 
storm is as regularly timed as its commencement. Though rain 
and thunderstorms at night are generally unknown in tropical 
countries, yet they do sometimes oc«ur in pccuhar situations 
among or near mountains. On the Abessinian highland the 
time for rain and thunder is from two o'clock in the aftcraoon 
to sunset; while in the adjacent country of Seunar, the com- 
pjiratively low tract further north-west, they occur only at 
night. Dampier was of opinion that more rain falls by night 
than by day ; but on this point, as far a.^ tow latitudes are cou- 
corued, he i& at variau(» with all modern authorities. 
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Since the tropical rains owe their copiousness to the evapora- 
tion of the oceaHj eoUocted and trangported by the trade-windSj 
it is ob^-ious that less advantiige wiU be derived from them hy 
countries situate far from the oepan' or to the leeward of the 
trade-wiads, or in any manner debarred of their influence. 
Intertropical America lies on the windward side of the Atlantic 
Ocean, and receives the full benefit of its moat humid winds. 
Hence the tropical regions of that continent are, with little ex- 
ception, one immtinso and most luxuriant forest, extending from 
the shore <jf the Atlantic Ocean on the east, to far up the sidea 
of the Andes. But these mountains, rising above the ordinary 
level of the raiii-clouds^ forbid their further progri-ss ; and 
Peru, on the western side of the Andes, has no rain ; it is cnt 
oil' from the winds of the Atlantic, and is to windward of 
those of the Pacific. Within the belt of calms, a little fur- 
ther north, the intervention of the winds is no longer needed, 
and Ouayaquilj on the shore of the Pacitic, has frequent and 
heavy rains. 

The vapours of the Pacific Ocean, carried westward by the 
trade-winds, are distributed over the Malayan archipelago and 
Southern Asia by the monsoons. Some places, however, such as 
Singapore, situate close to the equator (lat. 1° 17' N.) and 
within the belt of calms, have constant rain independent of the 
wind. In the precipitation of rain the monsoons follow the same 
rales as the trade-winds. At a little distance from the equator 
there are two rainy seasons, answering to the passages of the gnn 
across the zenith, and uniting nearer the tro]>Jc in a single 
season of summer nuns. On the coast of Travancore (lat. Q°) 
these rains begin with the monsoons in April or May ; in Bom- 
bay (lat. 18° SS') a ftiU month later, or in the beginning of 
June. In the lattor place they do not attjttn their maximum till 
July, nor in Calcutta (lat. 22*^ 33') till August. When checked 
and forced to accmnnlate by moon tain-barriers, these winds, 
fresh from the eqmitoriid ocean, precipitate immense floods. 
While Singapore, nearly under the eqnator, has annually bnt 00 
inches of rain, Ultra-Mullay and Mahabuleshwurj on the west 
side of the Ghats (coast of Mahibar), have respectively rainfalls 
of 262 and 3o4 Inches. Cherraponjee, on the KJiasya hills, at th« 
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head of tibe Bay of Bengal and backed by the Himalaya, has 
no less than 610 inches (50 feet 10 inches). 

Within the region of the monsoons there is no complaint of 
insofiicient rain. But the course of the trade-winds is there 
effectually stopped ; and consequently Africa^ thoagh U"ing within 
the geographical limits of greatest moisture, is, through want of 
tropical oceanic winds, collectively a dry continent. The periodi- 
cal S.E. wind which iisits the eastern coast bears nothing like 
the mass of vaponr accumolated over the Atlantic Ocean by 
winds from both sides. South-east winds at a. great height, 
far above the monsoons, carry rains to Abessinia, a coimtry which, 
though great rivers descend from it, has vet a decidedly dry 
climate. The equatorial portion of the African continent se ema 
indeed to be well watered : so much may be coacluded from 
the narratives of Captains Burton and Bpeke. But it must be 
remembered that these officers, in penetrating to the interior of 
the continent, performed a great feat withverj' little scieutific pre- 
paration. Captain Speke dwells much on the constant rains and 
laxnriacLCe of Uganda j but he seems never to have reflected that 
on the borders of a great lake, or inland sea, and under a bunung 
snn, he may have experienced a merely local climate. Central 
Africa seems to owe its abundant rain to its numerous large 
lakes- While the S.E. wind brings some humidity to Africa, 
the N.E. from Siberia, and more pereistent, brings dr^'neos. 
Hence the aridity of the Libyan deserts ; hence it is that the 
tropica] rains in Northern Africa do not go north of the llth 
parallel. Drought and barrenness begin to appear even at the 
15th parallel on both sides of the equator. At Uondocoro, on 
the White Kile (iat. 4^ 54'), and in Ukamba (lat. 2° S.) the 
profession of raiji-maker is held in high consideration. 

The rains described al>ove are those which, following the snn, 
chai^ct'erize an atmosphere laden to repletion with aqueous 
TBponr, most heavily laden at the hottest season, and which, 
on contact with land, is ready to part at once with its burden. 
But such repletion is not universal, Tlie vapour-bearing current 
from the equator, on its way to high latitudes, sinks as it pro- 
ceeds with some loss perhaps of temperature. The line from 
which it arises moves a few degrees X. and S. in the oanrse of 
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the year. When, therefore, it Br&t comes to the ground as the 
up trade or equatorial S.TV. -wind, at its southern litnit, in tha 
winter of the northern hemisphere, it waters a tract diitinguished 
hj having only winter rains. These subtrojiica! or winter rains 
fall on the northern shores of Africa^ from Morocco to Cairo, at 
Bagdad, Candahal■|^ &c.j or collectively between late. 30" and 

Bnt imniediatelj- adjoining this zone of tropical rains, and in 
the northern hemisphere a little south of it, lies another zone, 
which, deprived of its vaponr hj the trade-winds, also lies beyond 
the readi of the tropical rains ; it is therefore rainless and con- 
signed to sterility. This zone is plamty marked across the old 
world, where a. combination of circumstances, in Asia especially, 
gives it additional breadth, by the great African de&ert, or Sahra^ 
ArahlaT the Syrian desert, Southern Persia, Tnrkesian (which is 
minles? though fertilized by irrigation), the desert of Gobi, and 
the Mongolian desert north of China (see Plate 7). The pecn- 
liarities of the Asiatic continent carry it northwards. In North 
America it reappears in California and the interior of Texas. 
In the southern hemisphere the dry zone in Africa lies ou both 
banks, but chiefly the northern, of the river Orange, though to- 
wards the sources of that river, and within the reach of the S.E. 
winds from the sea-coast, aridity ceases, and the aspect of the 
country changes. South America erfiibits it in the Pampas of 
inenos Ayrea, and gtill more plainly in the desert of Atacama, 
^on the western coast. Finally, the dry zone exists in Australia 
with unusual extension. 

As the sun advances in northern declination, the equatorial 
'S.W. wind in the northern hemisphere also goes on to its north- 
ern limits, whence it again retires, thus pa!*sing twios in the 
year with ita load of vapour over the space measured by Its oscil- 
lation. Consequently the countrios situate in this interv'al have 
annually two periods of comparatively heavy rainfaEI, more or 
less widely separiite and nearer to winter or to summer as the 
situation is further to the i^outh or north. In Algarve (Portugal) 
the winter rain is most abundant : rain falls at the enquinoxes, 
but hardly any in summer. In Gibraltar, Lisbon, and Mafra, 
50 per cent, of nil the rain falls in winter, the rest in spring and 
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antumo. Coimbra, owing to its position at the foot of tie Sierra 
d'Estrella, is notorious for the quantity of rain (115 inches) that 
falls there, chiefly in October and November, In Madrid there 
is heavy rain from March to June, and again from August to 
November. In Italv generallv there is little rain between April 
and October^ though on the eastern side of the Apennines, at 
Verona, Padua, and Venice, the early rains fall in May and June. 
But the further north we go in the Peninsula the more equable 
ia the distribution of the rain throughout the year. At Palermo 
the gpring maximum of rain falls in March^ at Naples and Rome 
in April, at Milan in May, and at Udine in June ; while' the 
autumnal maximum, winch at Naples and Eome falls in Novem- 
ber, occurs at least a month earlier at places north of the Po^ 

On the coasts of Greece generally the year is divided into a 
dry and a wet season^ the former exte^nding from April t« Sep- 
tember. It often occurs on the shores of the Mediterranean, at 
Corftij Athens, Cret*, and Malta, &c., that for two or three months 
ID summer not a drop of rain falls. But further north the system 
changes ; rain falls at all st^&ons, and though stUl inclining to 
fall hea^-ier in certain month?, it ceases to be strictly attached 
any* In the valley of the Rhone the spring maximum of rain 
occors in May, in that of the Saone in June ; but in Paris the 
nuudmum of the year falls in June or July ; and central Ger- 
many is stiU more decidedly watered by fiummer rain^j. The 
line that separates the subtropical or winter rains from the 
northern summer rains &eems, in the neighbourhood of the Alps, 
to lie somewhere about the 46th parallel of latitude. But let it 
be observed that these summer rains fall in countries which have 
rain in every month of the vear ; and as the summer rains. 



though comparatively hea-vy, are accompanied by iucreased heat 
and evaporation, they never convert the summer into a wet 
iSeason* 

In Great Britain the chief rainfall takes place in autumn ; 
and this is most evident at its western sides. Ireland, with a 
climate still more oceanic, has its heaviest rains in January', la 
both islands the quantity of rain decreases from west to east, 
asj indeed, it does generally in the temperate latitudes of Europe, 
if local irregidarities be disregarded. The mountains in both 
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being chiefly on tlie western side receive the rain on their Tvind- 
■ward slopes, while the country to leeward of them remaina com- 
paratively dry. Cahirciveen^ facing the Atlantic Oct^aD, near 
the S.W. extremity of Ireland, has ntmoally 59^4 inches of rain, 
while Portarlington, in the middle of the island^ and sheltered 
by mountains to the S.W., hiis but 21 inche.'?. But this instaneo 
of unequal rainfall ia far exceeded in England, The monnUiina 
of Cumberland present to the prevalent winds funnel-shaped 
valleys which collect the vapour, and they are at the same tinie 
high enough to intercept the douds in autumn and winter. 
Hencfl proceed local rainfalls elsewhere unequalled in Europe j 
%vhilo at Whitchaveiii the annual fall of rain is 44 inches, at 
Keswick fiO, Seathwaite (at an elevation of 368 feet) bae 142 
inches, and thu Stye (948 feet high) 189 inches. Bristol, at 
gome distance from the sea and in an open country, lias but 
23 inches of rain; Glasgoiv, similarly situate, only 21. On 
the eastern coast^ at the same time, the annual rainfall at Hull 
and Edinburgh is reiluced to 18 ; at London to 25 inchej^. 

Bpljrium and Holland, near the sen, resemble England in 
having most rain in autumn ; but further in they conform to the 
Byatem of middle and eastern Europe, rain fallings at all seasons, 
bnt with a moxinmm in summer. Throughout the continent of 
Europe rain diminishes in quantity from 8.W. to N.E., not, 
however, with perfect regularity ; for wherever mountains cross 
th&t direction, a local increase by accumulation takes place, at 
the expense of the country l^nng further eastward. Thus, on the 
southern borders of Bohemia, Stubenbacb has an annual rainfall 
of 81 inches, chiefly in winter ; while at Prague, in the central 
hollow of that country, the raiu ie reduced to 14 inches. Near 
the Biesengebirg again, on the western side, the rainfall rises to 
43 inches, and then again in Silesia sinks very low. On the 
Hartz mountain there is a fall of 50 inehes ; and consequently 
Mecklenburg, beyond it to the N.E., is a dry country. From 
the middle of Grermany eastwards there is a deficiency of mois- 
ture in spring. In Scandinavia the copious mins of Norway, 
where lofty mountains facing the sea intercept the vapour- 
hearing currents from the S.W., account for the drought of 
Sweden^ Further west the Uraliao monutaina again extract 
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moisture from these currentSj which are thus exlmusted when they 
reach Siberia. A^ the luoUDtaias of Korway, so the lofty ridga 
of CaucasuSj where it approaches the Black Sea in Mingrelia, 
causes an extraordinary ikll of ratUf which at Kedout Ka]^ 
'amounts to G3 inches ; while Baku, east of Cauosus oil the 
western shore of the Ca^-pian Sea, has but 13. This scantj 
snpply it owes to the N^. wind, which, crossing the Caspian 
Sea, bears with it some humidity. The S.W. wind la here fre^ 
quent ; but blowing fram Africa, it is quite drj- ; and it deserves 
to be remarked that the whole tmct of country lying north- 
eastward from^ Africa b^u^ marks of desiccation still in pro- 
gress. 

The trade-winds do not penetrate into the West^Indian seas 
or berofld the peninsula of Florida. They are imperfectly deve^ 
loped on the western side of the northern Atlantic, and where 
the primarv wind fails that derived from it must be also wanting. 
Hence there is no equatorial wind from the ocean carriTng rain 
to the eastern portion of the North- American continent : the 
S.'W. winds of the Pacific shower their contents profusely on 
the N-W- coasts of America ; but there the lofrjt barrier of the 
Bocky Mountains forbids their further progress: eastward ; the 
coast ranges of Cahfomia even prevent them in a great measure 
from reaching the loftier mountains further east. To the conti- 
nent east of the Rocky MonntaJn&, therefore, those winds convey 
no moisture. While Sitka, in lat. 57° 3' Jf., on the north-western 
coast ba£ an annual rainfall of 88 inches, a great tract of country 
on the eastern slope of the Rocky Mountains is a drv desert. 
The United States derive their chief supply of rain from the Gulf 
of Mexico* The humid sea-wind from the south passing up the 
valley of the Mississippi and dtflected to the right is the? nun- 
bearing S.W. w^ind of the populous country- on the shores of the 
Atlantic As it proceeds on its course its stores diminish, and 
the quantity of rain decreases towards the north. In winter the 
moist current from the south meets the intensely cold cturent 
from the north, and the increased condensing-power makes up 
for the reda<:*d supply. Sea-winds also carry frequent showers 
from the warm current of the Gulf-stream ; so that in the 
United States rain is verv equally distributed in »ll seasons 
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thronghout the year ; yet going northward from the Gulf of 
Mexico it is found that the rain that fulls in winter decreaaea, 
while that of Bummer augments, though not in the fomo propor- 
tion. Mobile, in lat. 30° 13^' N., has a rainfall of (io inches ; Fort 
Snelling^ in lat. 4° 53', 25 inches. It must not be suppcused that 
the N.W» wind of th+i interior of the Unitiid Ktatea has any 
connexion with that of the north-westeni coast of America, which 
is the S. W. wind of the ocetin deflected by the mountains, Tlicse 
two winds hav6 totally different characters : the Jatter, wann and 
humid, gives the verdure of a southern climate to lat 60° on the 
const ; the fonner, dry and cold, carries in tho interior the climate 
of the pole to lat. 40\ 

The distribution of rain and its connexion with the wind- 
ej'stem mav ho rendered clearer by a brief recapitulation accora- 
paniod by a diagram (Plate 7). The down trade-winds blowing 
from temperato to torrid latitudes, and deflected till they become 
east winds, collect a vapour-laden atmosphere in the belt of 
calm&j near the equator. In tliis belt rain falls c<Jntaiiually, of 
which Singapore may seno as a tj-pe, independent of the 
winds. Beyond the belt of calms the distribution of rain within 
the tropical region depends more on the wind, which, earrj-^ing it 
westward, throws it on the eastern coasts of coutiuentSj over their 
plains, and on the eastem sides of high moxmtains, leaving their 
western sides unwatered. This is plainly exhibited in South 
America, Brazil being collectively a vast luxuriant forest, while 
Pern, on the western side of the Andes, is a rainless and compara^ 
tively naked laud. In tropical Asia the system of the winds, and 
coneequently that of the rains also, is disturbed. ^¥here the 
south-west monsoon prevails the western shores are better 
watered than the east^i^rn. Thus the rainfall at Bombay exceeds 
that at Madras. RemarkabJe acciiniulu lions take place wherever 
the current, unexhausted and on its first meeting with hind, strikes 
against mountains, as on the coast of Malabar. The influence of 
local circumstances may be estimated by comparing the rainfall 
on tho Ghats with that on Cape Comorin. By the stoppage of 
the trade-winds iu the Indian seas Africa loses its full share of 
the tropical rains. On its eastern side, north of the equator, the 
low land of Africa has but little rain. 
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Rain is very oneqimlly distribat^ over tile globe. Its aban- 
dance at any place depends on temperaturpj position in respect 
of tlie humid winds, proximity to the ocean, altitude, and otber 
circumstances which may be collected from the preceding pages. 
Even in districts of moderate extent, and enjoying everywhere the 
same general condiijon* of climate, the fall of rain is rarely mij- 
form throughout. It would appear tltat the a.&cendiug corrent 
of dry", heated air collected from the chimneyi of a great city 
may diminish iU rainfall ; for less rain falU in London than at 
Chiswick, Tottenham, Kew, or Greenwich. In every country 
may be found spots that wem to attract rain. Vapour-laden 
Tkinds from the aea pour their moisture copiously on the first 
land that meets them, generally on condition that the Umd 19 
cooler than the sea. Mountains high enough to bar the admnce 
of the winds may rob them (x>mpletely of their Taponr ; bat 
mountains are not neces>sary for the attraction of rain. The 
south coasts of England have at least 30 per cent, more of rain than 
the country ten miles farther in. The chief fall of rain on 
mouut^njs generally take3 place on the side that fa<x5 the wind ; 
but in majiy cases the great floods are poured down in the iiear 
of the mountain after the clouds hare pissed over it. This may 
perhaps be ascribed to the ciretunstauce that the cloud-beariog 
current of air cooled in its passage over the monntaiin^ descends 
to mix with a warmer current which has made its way through 
the valleys ; but united, the two currents of ditferent tempers- 
tores are unable to retain the amount of moistnre which they 
separately held. This mixture of corrents is probably the m^t 
frequent caus« of local wetness of climate, which may therefore 
be expected to occur most frequently muong hills and at the 
openings of vaEers. It is said that the clouds driven by the 
south-west wind that pass over Kent without dissolution^ often, 
fts soon as they have crossed the Thames, ponr down their coo- 
tents on Esses. Doubtless over and to leeward of the river they 
enter a more humid atmospberCj which decides their precipi- 
tation. 

It is extremely difficult to form any estimate of the quantity of 
rain that falLi on the earth *8 surface. We know the rainfalls at 
various points ; but while ignorant of the a.Tea to which eiuJi 
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atatoraont applies, we caunot assign to it its proper value in tlie 

CEilculation. Exceptianal phenomona being rGmark-ihle are most 
ohservod ; hut no general conclusions can be drawn from them. 
Thu.s we learn that Spathwaito in CumlwrJand has annual rain 
to the amount of 142 inches, while the hill called the Stye, 948 
feet high, not quite two miles from the preceding, has 189 inches. 
In fact 183 inches ha.s falleia in a year at the former place, 224 
at the latter. No other histance is known of yuch excessive rain- 
fall in the tt^nperate zone. On the other hand, the rainfall at 
Hull, on the eastern side of the khigdom, is only IS inches. 
How can we expect to discover bj means of data of this kind the 
mean rainfall of England? The great danger of being misled 
by excessive rainfall on a small area in the west may he judged 
from the fact that the mean rainfall of tJie kingdom is assumed 
by the best authorities to be only 34 or 35 inches. 

But iff beginning with the torrid zone, we endeavour to sum- 
marize results, we find that Dacca, the district of India which 
includes the Khasya hilla and Chermponjee, may have an annual 
rainfall of 22i) inches, while that of the western GhMs will be 
180. But to the great valley of the Granges can be allowed only 
55 inchesj and to the Dekan or iSouthoni India, cast of the GhAts, 
but 24. Singapore, nearly under the equator, has 97 inches, 
Hong-Kong 79* Buitenzorg in Java claims 150 inches. Cape 
Comorin only 28, Bombay 102, Ceylon 77 inchea. Sierra Leone, 
with a rainfall of only H7 inches, is deemed one of the wettest 
plaeo,? on the African coast. In America the heavy rains of tho 
intertropical zone seem moreunlfonnly developed than elsewhere. 
At Maninliao the rain of the year nmonnta to 280 inches, at 
Cayenne to 108, Penianibuco lOtJ, St. Domingo 100, Caraccaa 
155, Vera Cruz 183. At Buenos AjTes the annual amount of 
rain is hut 52 inches ; Vatdivla, m Chile, exposed to the N^. 
winds from the Andes, Las 120 inches. Further north, for a 
long distance^ the western side of South America is nearly rain- 
less till wc reach Guayaquil, where nearly nnder the equator 
rain is constant. 

In the United Stated the mean amount of rain is about 40 
inches, Florida having 02 inchL's, and rainfall decreasing towards 
tlie north and west. The country adjoining the Itocky Moimtains 
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on the cfist is all ill-watered and to a great extent an arid desert. 
On the western coast of North America, as on the coast of western 
Europe, rains grow abundant towards the north, where they are 
washed by the warm current from the eqnotorial ocean. Mon- 
terej- has 12 inches of rain, St. Francisco 22, Fori; Vanoourer 
47, Astoria 8G, and Sitka (in lat. 57° 2') UO inches. 

The British Islands, taken together, have a rainfall certainly 
not exceeding 36 inches ; and this probably mnch exceeds the 
collective annual rainfall of the whole of the Old TVorld ontside 
of the tropic. HoavT.- rains are experienced at certain points on 
the sea-coast or near mountains. Thus Coimbra, in Portugal 
(on the face of a steep mountain, the Sierra d'Estrella), has 119 
inches, Tolmezzo (at the head of the Adriatic Sea) 95, and 
Bergen, in Norway (resembling Sitka in situation), 83 inches; 
but in Lisbon. JIadrid, and Barcelona the rainfalls are respec- 
tively 25, 18. and lO'o inches, in Rome and Bologna 30 and 
22 inches, and in Christiania and Stockholm 22 and 19. 44 inches 
may l>e allowed for the Alps and Jura, and for the mountainous 
country extending eastwards to Transylvania ; but throughout 
the greater part of Europe rain decreases regularly towards the 
east and north. In Germany and Poland it may be estimated 
to be 23 inches, in Sweden 21, in Russia 15, and at Astrakhan, at 
the mouth of the Volga, only 6 inches. On the western side of 
Caucasus rain of course increases, and Bednt-Kale, on the Black 
Sea, at the foot of the mountain, has 67 inches ; but beyond the 
mountains to the suuth-t>ast Tiflis has but 20, and Baku, on the 
Caspian Sea, but 13 inches. Further on we enter Siberia, a 
comparatively dry country. Katherinenburg is favoured with 
14 inches of rain, Barnaul with 11 ; Nertchinsk, at a height 
exceeding 2000 feet, has little more that 1 7 inches ; till at last, on 
the eastern shore of the Asiatic continent, we find Ayansk, at 
the sea-side, with 35 inches, or nearly the same rainfall as Great 
Britain. On the south of Siberia are great mountain-ranges, on 
which snow and rain fall in abundance ; but l>eyond them again 
are wide valleys scantily watered, and desert plains of immense 
extent on which rain never falls. 

In Australia a very scanty supply of moisture is ver^' unequally 
dbtributed. Port Jackson receives 82 inches of rain, while 
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Adelaide has but 21. The northern settlements are caprici- 
ously watered by the monsoons ; but nine .tenths of the land may 
be considered an irreclaimable dry desert. 

From what precedes, it seems hardly possible to resist the 
conclusion that the precipitation of rain and snow over the 
whole earth, in the course of one year, cannot exceed 100 inches, 
or, in round numbers, 8 feet of water ; and this conclusion tends 
to prove that the estimates made of evaporation by Lieut. Maury, 
who assumed its annual amount to be 16 feet, far exceeds the 
truth. 
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CHAPTER XVII. 

Moisture on the Earth— permeates the ground.— Fonnation of Sprii^s. — 
Opinions of the Ancients as to the Source of Spring;a — all from the 
Clouds. — Haltey's miscalculation of Run and Rivers. — ^The enlBciencT 
of Rain. — Underground Reservoirs. — Artesian Wells. — Intermittent 
Springs. — Steam-Wells from ^'olcanoea. — The Geysers. — Brine-SpringB. 
Connexion of the Sea with Land-Springs. — Rivulets collected into 
Rivers. — Basins and Watersheds. — Great elevation of River-sonrces not 
Essential. — Velocity and Force of Rivers. — Deltas. — Erosion of Chan- 
nels. — Canons. — Deflection of Rivers by the Earth's Rotation. — Im- 
provement of Rivers. — The Kalihari Desert and the River Orange. 

Precipitatiox of rain or snow completes the cycle of changes 
undergone l)y water in the course of its circulation. Aqueous 
vapour from the surface of the earth, and especially from the 
ocean, forms cloudi-, which, borne by the winds from their birth- 
place and widely distributed, pour down on the land in floods. 
These gathered into river.'* flow to the ocean to be again purified 
by evaporation, and again sent fonvard on the same mission. 
Bain falling on cultivated ground penetrates it slowly, and 
but a little way. A fertile soil readily imbibes and is capable of 
retaining like a sponge a large quantity of water, so that 18 
inches of rain, or above half of the annual rainfall in England, 
hardly wets the ground, if it be loose mould, to the depth of 15 
inches. The humidity thus detained near the surface goes off 
by evaporation or is consumed by vegetation. But the greater 
part of the nun that falls sinks into the ground through sand, 
gravel, or other perme.ilile soil, particularly when gathered on 
the surface into drains. In truth only pure elay and the most 
dense homogeneous rocks are absolutely impenncable. Bocks, 
however, are seldom free from splits or cracks, and limestone in 
particular is generally cracked in all directions. Thus water 
finds its way down, and in process of time it caji, by corrosion, 
form even wide passages tlirough hard rocks. In this action it 
is aided by the carbonic acid mixeil with it. In the deepest 
mines the rocks are liumid, and become more so after heavy rains, 
Tairing in moisture more or less slowly, according to season, 
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the distanco from the surfuce^ and the tiBtm-e of tlw mtejvemiig 
groiiiid. Thus water, in ohedipnce lu gravitation, flows under- 
ground HA well as on the stirfiicc, thouj^h niuru slowly bocausc 
niort* ]iindi'rt-d; sind as it f^utliiTs into pools in hulJows above 
ground, so it accumulates in every subtcminean bnsin foimd 
in the \c^s pornionbk* rock?, and there, more or li'ss mixed 
Ti'ith tljL' soil, const itutcM a [K:rniiincnt re^orvyir. li" it bo 
a^ked, How far can writer descend into the earth? the answer 
muHt be that, as tenipfi-.itarr incroascfl downward?:, tliorc must. 
be n point, at the dijitance fruin tliL' ^surface perliaps of abunt 
LKJOO feet or less thnn 2 miles, at which it reaches tie heat of 
watiT boilint^ luidtr tho pressure corrpsjiondin*T to tliat depth, 
and where cou&t'i.|uently the wat4.T being converted into steam 
tends to ascend. Thns not ri drop of water can be lost. It is 
confined to the surface of the globe and its vicinity by internal 
brat. 

The wati'r which flows or trickles underground sometimes 
finds it-s way to tbo surfaee as springs. These, therefore, con- 
sidered as eruptions* of water flowing throunrh the ground merely 
under the influenci? of gravitation, may U; found at great t'levn- 
tionsj but can never occur at the very summit of a monntinn. Tliey 
must be lower than thfir sources. It is, indeed, vulgarly believed 
that the HexqneHeu or Witrben wells on the Broekcn (in the 
Hartz) are on its sunnnit. But hi truth they are 18 feet below 
tho highest part of the mountain, and the area of the raoro 
elerated c^t■^st is amply sufficient to sujjply them in ordinary 
seasons. Tlioy have, however, at tunes become quite dry. 
Springs found on t\w very smnnilt of a mountain, as those of the 
Isle l*antellaria in the Jlrditerranean, niu.'rt owe their origin to 
volcanic forces. Steam ejected from tho depths of the interior 
ia condenciod at the (iurface and Alls ilhe liollows of tho rocks» 
Thus tho goatherds water their flocLs on tho sununit of the 
mountain at tho wells filled by the eondlen*intion of tho steam 
that issues from the volcano. The hot wells found on the moun- 
tain-passes of Thibet, at an elevation of UJ,000 feet, have a 
similar origin. 

It was held by Aristatle that mI] the water that flows on the 
earth in rivers Is of meteoric origin, and derived chiefly from 



ra;rj or -ri'"^^. Ent h-r >y:*;*-T*fi al-ro iLai moniiTains hare die 
j^'/W'-r of hVnrt'iTi'^ hyimiHry from the atmo^pheTe. IhU doctrme 
wa- rnaintain'-'i at a lav-r dat*? with liitl*; rariaiion by Vitrnrins- 
J'rii it --ra^ Too .-irrjjile to acquir*! a^cendencv in as age that delighted 
in suhti*rty ; or p-rhap* iLe -nperior impreMiTene** of Tolcanic 
ph'-norn'-rja muv hu'" thrown it into the &hade. The opinion 
lon;f p^e^■a:l'-d that -prints owe their snpplv to diftillation or 
vaporization from a ;;r':at ff-jf'rrvoir of water in the interior of 
lh«' t-HFth. T}ii- i-! c]*-arly the conc]a.sion that might be drawn 
from ihc vri']U on the -timmit of .Stromboli. That springs or 
riv^r" *"snnot be due fo rain i-- proved, according to Seneca, by 
the -"tat'Tn'-nt of all wJio keej> vineyard*, that the heaviest rain 
nevf-r jt^-n'-irat'— a'oov^- t'-n feet in the gronnd (*' Omnis hnmor 
intra priinam frtj-tfini con-nmitar, nee in inferiora descendit "), 
T}je wliol'' moi-tiir'- 1?^ -ipf-nt in the npf#er layer and goes no 
deeper. Among mrxlf-m j.hilo.-ophers Slariotte was the first 
or mo^i fiistingni^b'^-d of tlio^e who acsigned to springs a place 
in tlic circulation l»<-twer-n the atmosphere and the ocean. He 
r'alerjlatfr<] that of tlie rain that falls in the ba.iin of the Seine, not 
nion; than a -ixth part U carried oft' by that river, the rest being 
cxjKTidf-d by ]ilants anfl evaporation. In England, however, 
Dr. Kfhriiind Ilalley arrived at a verj- different conclusion. Ho 
dineovcn-H, a- ho tboiiglit, that all the rain and snow that fall 
in tlii!4 country arc not sufficient to fill its rivers. Extending 
his ^-alcnlatinns to other coiintriei*, he foand also that the great 
rivers flowing into the Jlfdittrrninean do not sntHcc to make good 
lU Iri-.s by evajioration. 

HiillcyV liata anri dediictions on this subject, as far as England 
is con'TTiHii, are now acknowledged to be erroneona ; bnt with 
rcHpctt In thi' Mediterranean Sea bis conclusion is generally 
aecepted. 

It U adniitteij, indeeil, that lii.s estimates of the extent of that 
sen, of its prevailing teinpi-nifure, and other particulars arc far 
from being eorrecl ; lnit tbe?i the correction of his data has no 
tendi'Mcv to reverse his decision, so long as his method of 
examining llie »|ne.-.tioii is strictly adhered to. A capital defect 
in hi" ealeiilalioii, however, seems to have hitherto escaped 
notice. It cannot be doubted that of the vapour raised at any 
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timo into the air, a considerable portion falls lack again, in the 
fomi of dew or othorwisn, to the ground wbenoo it arose. On 
the soa in like maimer vuporization and snliHidenco of viipoiir 
both ^0 on incessantly. Th^ir mntnal roliitions are such as iiro 
oxbibited with exaggerated features in tbo belt of equntorial 
MlmSj ivbore rain falls constantly, ivhilo the sea keeps eteuniing, 
and a very largo part of tbp product of ovaporation, thongh hy 
no means the wbole, is carried off. But in the cas& of experimonta 
on evaporation, tho vjipour which once Jeavea the wiitcr-vesael 
never returns to it and h totally last, obriously because the 
oriiioc of tho water-Tesse! bears a hardly appreeiablo proportion 
to tho space occupied by the ditfu-sed Tapour. If for the wator- 
vi^saol we substituto a eca of many thuusand sqnai'e miles in extent, 
itifl evident that the vapour that rises from it ^11 not be all lost; 
much of wlmt rises by day will fiill back nt ni^jjbt. The greater 
the sea, the less the relativo loss ; and this being con&iderfd, it may 
well be doubted whether the Mediterranean Sea needs an influx 
from the ocean to make good its lo*is by evaporatioujand whether 
the current sctl-ing into it bo not merely a drift due to the pi-e- 
valence of wcj^t-erly or southerly wind& or to tide. 

The miscalculations of Halley vi:specting the rains and rivora 
of England were corrected by Dr. Ualton, who, in 1790, a.«cer- 
hiined that tho rainfall throughout England amounted to 31*4 
iiK'heSj or, together with the bnmidity depositetl by dew, to at 
least 3li inches. On the other bandj he found that (he Tliames, 
the basin of which embraces one eighth of the kingdom, carrioe 
down but one twenty-fifth of tho wbcde ndufalh Tho rivers 
together Ibereforc disfcharge but ^^ of the rainfall, the remaining 
^, eqnal to about iT^! inches of rain, being absorbed by tho soil 
and consumed hy vegetation. Thus it was proved that tho fall 
of meteoric waters! adequately acconuts for tho constant flow of 
springs and rivers. 

So long as meteorological observations were wanting, it wnn 
deemed by many a paradoxical assertion Ihtit nil tho running 
water on tho earth falls from the clouds. Those who contro- 
verted that doctrine relied chiefly on some peculiarities ohscrvabla 
in *ipring?, viz. the great force with wluch they sometimes issue 
from the ground, their occasional high temperature, their 
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saltness or impregnarion with Tarious minerals, and in some cases 
their apparent communication with the sea. But it is easy to 
perceive tliat the water of springs mav Ije all of meteoric origin, 
although in passing through the earth it be so mixed and acted 
on in various wars as to come forth at the surface with 
ditferent characters. It may sink, in the first instance, to a great 
depth till it arrives at a temperature so high as to send it back 
in the form of steam. Tims rapidly ascending and condensing 
near the surface, it may come to light as hot water, nearly at 
boiling temperature, or mixing underground with cold streams, 
it may give heat to numerous tepid springs. Water may by 
its pressure jiromote chemical action producing heat. By dis- 
solving the salts of various kinds that lie in association with the 
rocks, it is liable to frequent and sensible change of qimlity. But 
even when it remains in all respects unadulterated, it may come 
forth in a manner which to ordinary' obsen'ers seems unac- 
countable. 

Let us suppose an extensive basin of clay or imper^^ons rock, 
on which lie strata of chalk, sand, or gravel, likewise concave or 
depressed in the middle, the central hollow above these being 
filled up or covered with clay. The rain which falls on this upper 
stratum does not penetrate it but runs over the surface, collecting 
impurities till wasted by evaporation. It undergoes no natural 
filtering and fills no spring. Clay soils, therefore, want good 
water. But at the margin of the basin, where the imderhing 
gravel and other permeable strata crop out, the rain sinks into 
the ground and fills these strata, which thus form a reservoir of 
water beneath the clay. But as they rise at their margins above 
the central bed of clay, the under surface of this has to bear a 
hydraulic pressure proportional to the superior height of the 
water-bearing strata. If, then, a passage be bored through the 
Qpper clay, the water will rise through it to the level at which it 
stands in the highest part of the inferior strata, and the pressure 
being great wlul^' the bore is small, it may shoot up to a sur- 
prising height in the first instance. Tlius is fonned an Artesian 
well, which is so calktl from the ancient province of Artois in 
the north of France, where wells of this kind first came into use. 
One of the best examples of the Artesian well is that of Grenelle 
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iu Paris, on tie aoutbem side of tLe Seine. It was bored with 

difficult^' in three ypar;', tbroiigh chalk, sandstone, and green 
iiuirl, to a di'pth of 1798 iVt't, or above a. thih.i of a iiiilt'. The 
Wiitc-r shot up lit tirst to a height of 112 feci alwvc th& ground, 
nnd coiitinufd for some tims to pour out nenrlv i; million guUonu 
daily. The bills of inodornte eK'vation from whic-h the water ia 
fliiL'riy derived extiMni iVoin S.K. to N^.E. of Paris, at a general 
distance of about 100 miles. The exposed water-collecting 
surfricj? has fin area of Jihout 1 1 7 square miles ; the eiicloaed, 
area or reservoir may perhtips luive 20,000. 

The courses and channels of underground water lie beyond the 
reach of conjecture ; but there is ground for believing ihat they 
often have great h'ugth and little bnpetliiuent. It was observed 
iu an Artesian well at Tonrs that leaves, stems of plants, and 
eiirs of gndn, tolerablv fresh, frequently occurred in it ; and 
theso were traced liy cJireful investigation to the Department of 
ArdScLc, above 250 miles distant. But the channels through 
wliicb are supplied tbe copious freshwater springs that emerge 
in the sea have prolmbly still greater length an well as depth. 
At Bahrein, in the Persian Gulf, the arid sbore has no freah 
water. This, the hottest region of tbo earth, has little or no 
rain. But the population, comparatively numeroa'ii, derive their 
supplies of the necei^i^ary fluid from sj«ringtj in tbe sea. The 
direr, winding a great goatskin hag round his left arm, his hand 
grasping its mouth, takes in his right hand, a heavy stone, 
securely held by ft strong line which is tied to the boat. Plunging 
with this he reaebes the bottom quickly. Instantly opening the 
bag over the strung jet of fresh water, he eprings up iu the 
ascenduig current, ut the sauie time closiiig the bag. The stone 
is then hauled up, and the diver, taking bfetith for u few 
minutes, plnngcit again. The source of these very copious springs 
is prohiibly in the green hills of Oni&n, 5tl0 or t>00 miles distant. 
Similar springs, fed perhaps from tiie Alps, exist in the Gulf of 
Spezziu tmd at many points on the shores of Greece. 

In granitic countries the pools of water collectwl underground 
iu the hollows of the rocks arc generally quite teparEitc- Tbey 
nuiy furnish many wells or spruigH, though not one very abun- 
dant. But the waters uubibed by tbo loose and stratified ro'' 
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coniniunicato tbrougbout and ponneate the whole formation. To 
sucli strata, therefore, it is necessary to look for copious sources. 
If the dip of the strata be observed and also the first occurrence 
of impermeable rock in the direction of the dip, there, where the 
two kinds of rock meet, water will be found collected. The phe- 
nomena presented by springs vary much with tho form and 
character of the underground passages through which they are 
supplied. Thus the passage may take the form of a siphon ; that 
is to say, it may be bent so as to ascend some distance and then 
again descend. In this case it is evident that the water cannot flow 
through till it has reached the highest point of the passage ; but 
having one* gained that point, it will flow down ; and if the 
descending portion go lower than the preceding ascending step, 
the flow will continue till the latter loses its supply ; and it can- 
not recommence when the supply is reestablished till the water 
again rises to the height of the crooked or siphon-like passage. 
The stream from such a spring, therefore, will be intermittent. 
Another cause of intermittent or irregular flow is tho collection 
of gases in tho passage, which baffle, by their compressibility, 
the pressure of the water. The intermittent springs, once 
thought miraculous, are many and various ; they occur fre- 
quently in tho Alps. Tlie ]May-springs, which flow from May- 
till August, need excite no wonder ; they are evidently fed by 
the melting snow and ice. But there is one (the English well 
in the Canton of Berne) which flows only for a few hours in the 
morning and again iu the evening. In the south of France, at 
Fontostorbe in the Pyrenees, there is a spring which during the 
summer mouths alternately flows for 30 minutes 35 seconds and 
then ceases for 32^ minutes. In wet weather, however, it ceases 
to he regular or even intermittent. Near Brest is a well which 
sinks with the flow and rises with the ebbing of the sea. None 
of these intermittent springs are perfectly regular, but change 
more or loss with the weather ; and some have in the course of 
years wholly or partially lost their pecniiarities, flowing with 
little or no intermission, evidently owing to the wear of the 
passages by the flowing water. 

In volcanic countries it frequently happens that water sinking 
in the ground becomes converted into steam, which then rushes 
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H lip with such force as to throw tho Buporincumhent column of 

H water in jots to a great hei/^ht. This is well exhibitx?!! in Ice- 

' land. There, at the toot of Bamefall, sprinr^s the great jet crtllcd 

the Geyser, Le. tho Fun.-. The water, tbrown up at a very high 

temperutare, hohh in solution much siles or flint which is dc- 

po8itJi»d on the ground about tho Geyser. In this ivay has boen 

Ibrmod, a mound of siliceous concretion, 30 feet high and 200 

■ in diameter ; on tho tup of which, in the middle, is a round basin 

6 or 7 feet high, and abont 50 in diameter. In the centre of 

this busin is a circular opening about feet wide, in which may 

I be seen the wnt^r, in its moments of rest, perfectly clear ■with a 
greenish hue. Its teinper.it n re, depending on the length of timn 
that has elapsed since tho la&t ernption, varies from 204° to 
170° F. At intervals, varying from an hour and a half to half 
an hour, tlie int:t'r\'aln growing shorter as the crisis approaches, 
the water rises to the basin with detonations, boiling and shooting 
up Muall jets to a height of 20 feet. This agitation increases till 

I at last conies a violent eruption, wliich takes place every 24 or 
30 hours. WitJi a thnndering noise a column of water, covered 
with white fo;im of dazzling brightnesa, is thrown np to a height 
of 80 or 100 feet. This is instantly followed by two or three 
more jetiS rising to a stiU greater height. ^V^lien the last of ihsAO 
has fallfii hack, all agitation in the basin cca-ses. At a little 
dietaocfi from the Great Geyser is the Strokkr or Chum, tho 
period of which is from two to three day&. O^ving to the moro 
regular form of its shaft and orifice, its jet, periectly vertical, 
is handsomer and rises to a greater height than that of the Great 
Geyser, though throwing a lesg body of water. Boiling fountains 
with Jots of water violently ejected, as iu the G«y8or, are found 
also in CaUfornia and elsewhere, but not on bo grand a scale as 
in Iceland. It is obvious that in these ejisee the water is ejected 
by tho force of steam, and that the action is intemiittent because 
time h required bj- the steam to gather force sufficient to over- 
come tho weight of the snperineumhent column of water. As 
the fact of water rising from tho ground does not prove that itfl 
first eource is deep in the interior of the earth, so neither doe* 
its high temperature prove that it cannot have prenousi 
descended from the surface. When it sinks into tho ground, 
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takes the temperature of the ground. At a great depth and 
under ^eat pressure ha boiling-point is raised ; and hence the 
■water in the shaft of the Geyser, at a depth of 60 feet, has been 
found to have a temperature of 2(50° F. 

The existence of salt and mineral springs was long thought 
to favour the views of those who deny that the waters flowing 
over the land all ultimately come frcm the atmosphere ; but 
careful observation and the progress of chemistry have settled 
thjit question. Tlie pure water precipitated from the clouds, as 
it drains through the ground, washes and dissolves the various 
salts with which the soil is impregnated, and becomes more or 
less adulterated by the chemical i>rocesses in which it takes a 
part. It is now known with certainty that copious salt-springs 
indicate the existence, though not perhaps the immediate proxi- 
mity, of deposits of salt somewhere in the course of the subter- 
ranean waters. In several instances the springs perseveringly 
traced have led to the discovery of beds of salt. As the solvent 
power of water is increased by heat and pressure, the deeper the 
bed of salt, the stronger the brine proceeding from it. Water 
flowing through metallic ores sometimes undergoes a total change 
by admixture with acids. Thus a river in New Granada, mixing 
with sulphuric acid, becomes so sour that it is justly called Rio 
de Vinagre, or vinegar river. The river Orange, in South Africa, 
after passing through the rocky tract containing copper ores, is 
said to be poisonous and to kill the fish. In Algeria is a stream 
formed by the union of two rivulets — oneflo^Wng through a fer^ 
mginous soil, and thereby strongly impregnated with iron ; the 
other meandering through a peat-marsh imbibes gallic acid. 
When the rivulets meet they give birth, by the combination of 
iron and gallic acid, to a river of true ink. Whatever is soluble 
in the soil is carried oft' by the water that flows through it. In 
Tuscany as well as in Thiln't there are springs yielding borax ; 
and in various paris of Italy there are others holding lime and 
Bilex so abundantly in solution that ]>erfectly moulded stone 
figures of alabaster, travertine, kc. may be obtained by intercep- 
ting their sedimentary deposits. 

Though the sea can never be considered as the source of land- 
sjirings. it may yet be so connected with them as to cause them 
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to rise mid fall with tho tide. When au outlet from the spring 

hajipens to be on tlie so;i-shore, the hi^li ttde may ronch a long 
way up its channel ; and since it cliecks as fur as it gtws tlie 
deswnding freshwater current and hinders its overflow, the 
rivulet nhovt'i is thtsroby raised; cousotj^iiently the demand on the 
&pring that sn[ipiies it i» diiiiinisheil. Thus in the uiiJitary hos- 
pital at Lille, about 35 nules from the nearest soa-ooastj thero is 
n copious well which has a daily and also a monthly variation. 
Its inaxinium discharge? during the day, which in nearlv douLle 
of its minimum, occnrs alwaya about eight hours after the high 
tide on the coast between Calais and Dunkirk. 

Springs of water on iesuhig from the ground in general eon- 
tiniio to flow on the surface, rumiing otf in rills, hroolcis, or 
rivulets, all hastening downwards in obedience to gmvitatiou. 
The declivities along ^vhitli they descend must sooner or later 
merge in a common holiow, where the rivulets unite to i'orni a 
hirger stream, w^hich is again joined lower down by others of the 
same cliisis, till at lenijth all unite in the mean stream or river at 
the lowest level. If the configuration of the ground were wholly 
due to the action of running waters, we should expect to find 
deep furrows washed out wherever the soil was yielding, and 
rivulets desceudiug fnni dhferent directions in ncnrly straight 
lilies to the central hollow; hnt perfect (iymmi'try and unifor- 
mity are rarely found in the natural features of the earth. Water 
bn3 nut hcen the I'^ole agi'nt in the formation of valleys. 

Convolutions of ground wiih projecting rocks often turn lasido 
rivers and cause them to exhibit irrogularitea of directions for 
whieli it is difficult to aeeontit. Bnt since flowing water must 
desceud, the sources of rivers are always on relatively high 
ground, and for the nxost part on nionntnius. A great river may 
be conipared to tlie trunk of ii tree, being formed by bnmcheSj 
which themselves receive numerous lesw streams or branches, and 
these again countless rivulets and springs. The sources of a 
river being in fict very numerous, ivhile grneral usage prefers 
to acknowledge but one, it is not always t-asy to dotertuine wluch 
has the best right to ho entitled the principal source, The election 
of the source and the application of tlie name ot'ten precede the 
perfect knowledge of the basin of the river, and usag 
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instructedj sanctions erroneous decisions. The Inn, where it joins 
the Danube, is the greater river of the two ; yet the stream 
formed by their union takes the name of the latter. In like 
manner the Elb robs the Jloldau of the honour belonging to 
superior magnitude. The Missouri is unquestionably the greatest 
of the many risers that combine to form the Mississippi^ the name 
and source of which nevertheless are ascribed to an inferior 
stream. 

The whole tract of country that embraces the tributaries of a 
river is called its basin. If a line be drawn, including all the 
sources contributing to a river, it will mark out the bonndary of 
that river's basiu, or the area draining into it. Such a line, run- 
ning of necessity over relatively high ground, marks what is 
called the watershed of that river. On the further side of everj- 
ridge or elevation over which it passes other streams may run off 
in various directions, and the separation of these several river- 
systems is traced and determined by the line in question. Tho 
tenu watershed, adopted from a foreign (the German) language 
and signifying a parting or separation of waters, has this incon- 
venience, that in English it is liable to misinterpretation, as if it 
meant the slope that sheds or pours down the water, and not its 
upper boundary. This remark is the more necessary*, inasmuch 
as even professed geographers used the word " watershed " in 
no fixed sense. 

Though Imcs of watershed must run along elevated ground, 
yet they are less absolutely influenced by monntains than is 
generally supposed. The highest summits of great mountains 
rarely coincide with watersheds. In chains of mountains the 
loftiest peaks arc frequently in advance of the general range, and 
tho rivers which flow off in front rise in the rear. Their sources 
are in the midst of the mountains, from which they escape by 
winding round the greatest elevations. Tlius tho Indus and 
Burrampooter rise in the elevated plateaux north of the Him&leh, 
and break through the mountains to reach the plain. In tho 
Carjiathian mountains, the source of the Vistula (which flows 
northward) is on tho south, that of the Tlieiss (running south- 
ward) on the northern side of Mount Tatra. In some instances 
very important watersheds have little elevation. That which 
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separates tlie Neva and other waters flowing to tlae Baltic, oricy aea, 
fi'oui those thfit ^0 to the Ca'ipian ami Bluck S<'n, viz. the Volga, 
Don, Dniester, Niwiien, &c., Imrdlj exceeds the heitrht ol" 1200 
feet. lu like manner the boundarj^ between, the hnsms of the 
Mississippi and St. Lawrence is hut feebly marked by elevation, 
and in time of flood canoes can pass from the one to the other* 
Again, there is no great height between North Cape and Torneo, 
the north polar ocean and the Gnlf of Bothnia. The Joliba 
*6r Quorrn also, perhaps the greatest African river, hiis its sources 
aijiong hills Hi»parently not above 1500 foet In elevuiion, Im- 
perfectly deteruiiued liinitjs of tlifferent river-basins have been 
repeatedly observed in tlio Andes, Nonvay, Scotland^ Sue. on 
broad ridgeg of high land^ with lakes or marches, sending rivers 
in opposite directions. 

The veloL'ity of a river depends on the declivity or rate of fall 
in its elmnnelj the depth and vqlnnie of water beiny supposed 
cunatant. Ulc declivity and volnme remaining tlic sumCf the 
velocity will incrense wit^h the depth and tVcpdom of the channel. 
The greatest veiocity of a stream is at its surface, inunediately 
over the Hue of greatest depth. The mean velocity is about one 
tenth of the depth below the surface i but when the wind blows 
up the stream, the strongest current is much lower down. On 
the great Siberian rivers the north wind often prevails. The 
boatmen then seek the aid of the current in this way : — They tie a 
large bundle of stieka loaded with stones, so as to be inclined to 
siuk. This bnndie, thrown into the water and oirried down by 
the current, is prevented by the rope which connects it with the 
boat's head from sinking to the bottom. Suspended in the sti*oiig 
current, it overeumes the resistancG of the wind. At the bottom 
the river's velocity is least, hut most important to be deter- 
miiied, as upon it depends the transport of ntnterials and 
ctmsequent changes in its channel. If bodies, alike in figure 
and specific gravity but diflering in size, be inunersed in water, 
the larger will be the less easily movetl, becfluse their weight 
increases as the cube of any single dhnension, while their surfacej 
which gives a hold to the water, incrwt&es only as the square* 
The larger the body, therefore, the heavier it is in relation to the 
force acting on it. CoasequeutJy the force of u stream deDer"" 
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ing on its velocii}', may be accurately estimatod from its power 
of moving the minerals in its bed. But this rule is strictly true 
only when applied to bodies alike in figure. Bounded pebbles 
which roll are more movable in water than sand. The power of 
river-currents is shown in the following Table : — 



A speed of 



feet, inches. 








3 


per 


second can move river-mud. 


7i 




» 


small gravel. 


1 




M 


common sand. 


2 




T» 


coarse ballast. 


3 




?» 


large shingle. 


4 




ti 


broken stones. 


G 




» 


stratified rocks. 


10 




T) 
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The fall of rivers generalized and represented in a vertical 
section would resemble a parabolic curve, with inclination de- 
creasing from the highest fountain to the level of the sea, where 
the stream flows horizontally. Tlie sources He generally high up 
on mountains ; but that is not always the case. Bivers sometimes 
begin on level and swampy plains, over which they wind slowly 
at first, till, reaching the slopes, they flow rapidly in the latter 
part of their descent. In Africa, between the parallels of 12° and 
15° S. lat. and the meridians of 20°and3U°E., there seems to be a 
tract of peculiar character, which, with level surface and tliickly 
matted vegetation, is never furrowed by river-ehannels. The floods 
run over it, forming lakes, for the most part temporary, till at its 
southern edge, where the ground declines, it acquires impetus 
enough to cut channel:? and to run off in numerous rivers ; but 
in general the rapidity of a stream decreases as it descends. The 
mountain-rivulet tumbles from rock to rock ; it then glides 
swiftly down tlie mountain side, moves more gravely as it 
acquires greater breadth and depth, till it joins the great river in 
the plain, where, with little tall, it tlows majestically in a curving 
channel, impelled by tlie pressure in the rear. In the high Alps 
and Pyrenees rivulets have a fall in general of one inch in a foot. 
Tlie Danul>e, in its ui)per course, falls 21) feet in everv" league ; 
lower down, near Uh«, only 18 feet. From Ingoldstadt to 
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Ratisbon (17 loagnes) it falls " fi^et in tlio le:igap, and holow 
Vienna to Buda only 1 foot in the league. Thti thll of tlie river 
Amazons in the lu&t 700 miles of its coursi' is hui nnii' fifth of an 
inch per mile. A river ceases to be uavigjible when ita fall 
excwds one foot in n thousand. 

As a river weai-s away its bed, carrying down^ large stwies, 
gravely or fino soil^ acoordiug to its strength, it is liable to cbango 
its character in the course of time. Tlie light sand or clay^ easily 
supported by moving water^ i^ carried furthest ami deposited at 
Uie mouth of the river, where the descending curreiiit is arrested 
by the sea ; it there forms bars and banks^, whieh, aceumulating 
and eonaolidating, become at last fertile and cultivated JEind. A 
tract of this kind, the growth oftiedinientary deposits, is called a 
Delta, ihut being the njuin' given by the ancienta to the alluvial 
land in Lower Egypt about tJie mouths of the Nile, liivere 
with a long course luid little current, or exbatisted by canals for 
irrigation, drop their sediment beforu they reach the sea, and 
thus raise their beds. The Nile at the present day is raised con- 
siderably above its ancient level in its cour,>?e through Egyi)t.,and 
adds little to its delta. The delta of the Po advances at the rate 
of 220 feet in a year; that of the Mississippi, more widely 
spreadj is annually increased by a mcjtn addition of 2^2 feet, 
though its sonth-west entrance or bar advances at the annual 
rate of 338 feet. The Danube, Volga, and Ganges hare all 
advancing deltas ; bnt such advance growing continually slower 
has a certain limit in space, though in time indctinitely dii^tant. 
The delta of the Rhine (the Netherhmils) h.^s long ceased to en- 
croach on the sea, and now rests content with resisting the 
encroachments of the latter. When the discharge of a river 1m>- 
conies impeded by numi'rons Iianks or a delta of its own forniafion, 
its level iR raised ; it spreads out near Us mouth, and as at the 
same time it makos it,s way through the di^lt^* by many channels, 
its waste by e\ aporatitiii increases and the current loj*es power. 
Thus the Cicessivc diffusion of the stream brings lis own remedy. 

The sedimentary matter carried down by a river is obtained 
by the erosion of its bi-d, and depends, as to quantity, on tho 
force of the stream and the cLiracter of the minerals through 
whieh it flows. Even the hardest rocJis are worn away by the 

B 
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incessant action of water falling over them. The cataracts of 
the Xile have all sensibly receded. The Falls of Niagara have cut 
away the rock and tbnncd a deep channel for a distance of seven 
miles, a work which, at the present rate of proceeding, could not 
he executed, aocordinfr to Sir Charles Lyell, in less than 35,000 
years. His estimate, however, of the distance excavated has been 
disputed. In California and Xew Mexico occur river-beds of the 
kind called In" the Spaniards '* Canons " — that is, pipes or tabes 
which for hnnilreds of miles are cut through the rocks to a depth 
of one or two thousand feet. The rivers in the canons, overhung 
by stupendous precipices, arc rarely accessible, and nowise con- 
duce to tlie haltitability of the arid ]>lains through which they 
flow. The formation of these canons is too singular to bo 
ascribed to an agency so common as that of water. It may be 
conjectured that as their sources He in a volcanic coimtr^i', the 
water that first flowed through them was strongly impregnated 
with sulphuric acid. 

It has lieen already shown how tlie winds, mo^-ing in some 
degree independently of the earth, are relatively to the earth*8 
surface deflected from their course, in consequenceof thedifferent 
rotatory velocities of the successive terrestrial zones over which 
they pass. Hivers, though more strictly bound to the earth than 
the winds, are at the same time, since water is much hea^ner than 
air, more sensibly afl'ected by acquiriKl momentum ; and accord- 
ingly, when flowing in a meridional direction and at some dis- 
tance from the equatur, they exhibit the same tendency as aerial 
currents, thougli in a nuich less degree, and in the northern 
hemisphere, wbich alune furuislies known examples of such de- 
flection, ju'ess on the right bank. This is ])articularly manifest 
in the Volga, which flows from N. to S., and in the great rivers 
of Siberia, flowing from S. to X. Tlie bank which they are de- 
serting is everywhere low land with all the characters of an 
abandoned river-bed ; that on vvhi<.'h tliey press is comparatively 
high, steep, and abraded. In tlie Siberian rivers the steep bank 
with the deep channel close to it is always on the eastern side ; 
on the western side the ground is luw, the water shallow. In the 
Volga, the western, being the right-hand bank, is that attacked 
by the stream. An eminent geologist (Sir U. I. Murchison) 
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haa attempted to account for the steep and elevated western bank 
of the Volga near its mouth, by referring to the supposed exten- 
sion of the Caspian Sea in ancient times, which, he says, once 
washed the western banks of the Volga. But the fact is, that 
the Volga, in tho lower part of its course, is constantly moving 
westwards. The strongly contrasted characters of its banks are 
due to causes seen in daily operation, and cannot therefore be 
ascribed to agencies which ceased some thousands of years ago. 
It is said that the Nile in Egypt also constantly encroaches on 
the right (eastern) bank and deserts the left. It can hardly be 
doubted that the Thames once flowed northward from the Hope 
through Essex ; but pressing constantly on its right bank and 
leaving extensive marshes on the left, it at length worked its way 
through the clay ridge, which, uniting Southend with Sheppey, 
extended to the Stour. 

The impulse given to a river by the earth's rotation is very slight 
compared with those which immediately determine its course, 
such as the inclination of the ground, the character of its bed, 
&c. Consequently it is not surprising if its influence be gene- 
rally overpowered, or that it should be plainly exhibited only in 
great rivers flowing in a meridional direction, through extensive 
level plains and in high latitudes. 

Rivers have an importance which can hardly be overrated. 
Besides furnishing an invaluable supply of pure water for 
domestic purjioses, they may be made to fertilize the ground by 
irrigation, or to serve the purposes of intercourse by navigable 
canals. But unfortunately tho natural advantages of flowing 
waters are rarely all recognized by mankind till many of them 
have been forfeited by neglect. In the Nile we have the ex- 
ample of a river turned to some account at a very early age. It 
tended to spread a fertile soil over the sands of Egypt, and the 
inhabitants of that country aided its tendencies tiii the barren 
sandy plain was converted into a rich garden. Above Egypt 
the Nile flows between rocks and sandy deserts raised above the 
level of the river and less easily irrigated ; yet in various parts 
of the valley, at Berber, Mahas, and Dongola, where narrow 
strips of level land extend along the river's banks, water was 
drawn from the Nile by rude machinery, and tho small tracts 
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thus cultivated sufficed to maintain a considerable population. 
Tbi:^ was the work of a semi-savage people, taught hy the example 
of Eg\-]jt and urged by necessity. 

Africa seems at first sight to be iuadeqiiatcly supplied with 
rivers ; ah unusually large proportion of its coast wears the aspect 
of dry desert. But much of this aridity is found, on close ex- 
amination, to be merely apparent. From Cape Grardafuni to the 
equinoctial line the coast presents to view for a thousand miles 
nothing more than an elevated beach and low hills of madrepore ; 
bnt behind this screen, at a little distance, extend fertile plains 
watered hy a great river, " another Isile," celebrated by Arab 
^vriters, and not wholly unknown to the Greeks, but which has 
long ceased to reach the sea. Unaccountably this country-, which 
has many claims to attention, has hitherto failed to attract the 
attention of European tra\ellers. South of the line the coast is 
pufficiently watered, but at a little distance in the interior rain 
does not seem to fall in abundance north of lat. 5° S. 

Between lats. 11° and 13°, and occupying a width of 20° in 
the interior, there seems to be a peculiar tract of country' liable 
to inundation, and in which the water flows over the vegetation 
without cutting channels in the ground, owing perhaps to a cer- 
tain degree and uniformity of slope. A large share of theso 
copious waters are carried southwards by the river Liambegi ; 
but this being liarred at the Great Falls, or Bearing Vapours, 
the floods of the river s])read a long way southwards over marshy 
ground. A little further south again conmiences what is gen^ 
rally thought to be a dr\- desert ; and in lat. 23° or 24° there is 
a general complaint of progressive desiccation, and the small 
streams are said to be rapidly disajipearing. The truth seems to 
be tliat the underlying rock of these great plains is a soft lime- 
stone, into which sinks and disipjiears any river whose bed has 
been worn so deep. But a little further to the north-west it has 
been discovered that extensive tracts without a drop of water 
on the surface supjiort a population enjoying abundance and 
keeping cattlf fed on water-melons. Tliey draw water for do- 
mestic pur])oses by means of reeds from sucking-holes, the same 
calcareous stratum which carries oft' the water from the surface 
allowing the underground flol^' nf copious streams from the 
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north, the superabundance of one part of tlie conthient thus sup- 
plying the deficiencies of another part. Since English colonies 
arc now increasing close to the borders of the country in ques- 
tion, it is as well to point out the hidden treasures which in these 
boundless plains beneath the tropic only wait to bo called forth 
by the resources of civilization. Canals of irrigation might with 
the greatest ease bo made to flow through what now seem to bo 
waterless deserts. 

Again, on the northern frontier of the colony of the Cape of 
Good Hope, there flows a fine river (the Orange, so named by 
the Dutch from their princes), not through a sandy desert, but a 
wild waste of good soil, which wants nothing but water and a 
little industry to change it into a most luxuriant province. An 
expenditure very small in comparison with the sums daily thrown 
away on fantastic project*- would easily convert 1000 square miles 
of the Great Karroo into a most productive wheat-field, for which 
it seems to be e.«pecially adapted by soil and climate. The 
Karroo contains many thousands of square miles ; and the river 
Orange, which has falls lower down, and though a great river is 
at times too shallow at its mouth to admit even boats, could not 
be turned to a better purpose than fertilizing the interior of the 
Cape Colony. It must, however, be admitted that tho improve- 
ment in question would be incomplete without the construction of 
a good road between the river Orange and the sea-coast. 
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CHAPTER XVIII. 

The Ocean — ^iis Offices — ^moderalea Temperature — maiDtaina IlainiditT — 
General Depth — Deep-sea Soundings — The Atlantic — ^The I^ifie 
Ocean. — The I'ermanence of the Sea — its Saltness — Density — Miscel- 
laneous Contents — Transparency — Coloor — Temperature at the Snr- 
foce — Circulation by Ilcat — Objections answered — Tempcratme of its 
Depths. 

The ocean is for the prodnctivo earth the great source of 
/jhmniditj' and the moderator of temperature. It checks heat by 
/evaporation, and cold by congelation. With a magnitude cor- 
responding to the importance of its agency, it occupies nearly 
three fourths of the surface of the globe, or 146,000,000 square 
miles ; and though divided by land into branches or compart- 
ments, jt is still a continuous i^hole, circulating round the globe 
and from pole to pole. Its chief divisions are as follows : — 1. 
The Pacific Ocean (formerly calle<l also the South Sea), spread 
out between A.sia and America; and from the 60th parallel N., 
widening southwards till near the equator it embraces 160 de- 
grees, or nearly half of .the earth's circumference. 2. Between 
America on the west, and Euroj»e with Africa on the east, extendi 
the Atlantic Ocean from north to south, with an average breadth 
of nearly 60 degrees. 3. Tlie seas from the eastern shores of 
Africa eastward and to the south of Asia are all grouped together 
under the title of the Indian Ocean. 4. All the foregoing seas 
merge towards the south in the Antarctic or South Pobr Ocean. 
5. Tlie Xorth Polar .Sea. confined for the most part within the 
Tftth parallel of north latitude, communicates with the Pacific 
Ocean by the narrow opening of Behring's Straits, and more 
freely with the Atlantic Ocean by Batlin's Bay and the Green- 
land Sea. But so great is the preponderance of water in the 
soutlieru lie]ni>]iliere, where tlie South Polar, Pacific. Imlian, and 
Atlantic Oceans all meet together, that in a map of the glolw 
proiectinl on the horizon of Falini»utli. the northern hemisphere 
will contain nearlv all the land, leavin*; to the southern hemi- 
sphere little but ocean. 
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The rueaii depth of the ocean has bocn assumed on tliearetioal 
grounds to be at least four statute? (3*52 nauticnl) miteg. But 
BO far as the Atlantic Oceaij, with whicli wp ari? best acquainted, 
is coiicerned, that cstiinat{> itf not contimiyd liy experience. It 
IB truQ that Lieutenant Denhani found hottom, as he thought, 
in the SoutliL'tn AUantiCj between Oa]io Horn and Tristan 
d'Aouiiha, Int. 3ti° 49' S., long. 37° G' W.^ with 770G fathoim, or 
8| miles, Lieutenant Brooke also, of the U.S. Nuvti'j goundod iu 
the Indian Ocean with 7o40 tJithoniOj or exactly 8 statute miles j 
and some other instauGi^s might he crted of similar deop sound- 
in^,s. But competent judges have refnaod to rely implicitly ou 
the results of tJio.'^u d«ej>-sea soundings, us tho lino, heiHg liable 
to ho carried aside by currentv-?, eauuot be confidtutly Li3^uuu:d 
to descend vertically, and tlie shock which announces the arrival 
of the lead at tho bottom is at great depths no longer folt. 

More recently ji however, deep-sea soundings have tjeen mado 
with a carfl that merits confidence. Betwei^n Valentia Island on 
the south-west const of Ireland and Ntiwfomidlnndj, the bed of 
tho Atlantic Oc^an has been rcpeatiidly examined in order to find 
a suitable lino for a telcgraph-cablc. Tho espedillons also of the 
' Porcupine ' and the "^ Challenger * fur ?cientific purposes, and with 
improved appnratns^ (the sounding-lino being of Hue stetd wire), * 
have furnished much valuable inforuiutiuu respecting the depth 
of the ocean. We thus learn that the bed of the Atlantic to the 
west of Ireland presents, with ffw and iii considerable irregula- 
rities, very esteuBive levels eovered with grey nnid, composed 
chiefly of the shells or cxuvifc of tho mluute organisms that are 
found in abuntlance at the i^iurfaci' of the sea. This eedimentary 
de[iosit, in its composition, exactly rei*euibk'S chalk. For three 
fourths of tho distance towards Newfoniidland tJjo least deptli is 
ITJO fiitlioni^ (ut'arly two statute mile**.), and the grente^it 1^424 
fathoms (2^ miles *), North of this Hue, I'rom the Hebrides to 
Cape Farewell, at the southern point of Greenland, the depth la 
somewhat les.«., or under i^vo miles. Front Greenlsud to Labra- 
dor or ^Newfoundland it again increases, generally exceeding two 



• 8&0 fnlhoma make a etatiite luilo ( j2'S0 foetj, coflsequputlv 1700, 2640, 
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milei?. On the middle of the great bank of Xewfoundland the 
gea has a depth of 40 fathom*, increasing to 80 near its margin. 
Towards the south the bank sinks rapidly to depths hitherto un- 
goundwl. year St. Tliomas's (West Indies) the ' Challenger ' 
found 3875 fathoms, or nearly 44 miles. Thence northwards to 
Bennuda the depth decreases, but still averages more than 
3 statute miles — the island just named being apparently the 
summit of a pillar springing from a comparatively narrow base, 
conjectured bv Dr. Carpenter to be formed of coral. From a 
point halfway between Bermuda and Xew York, down to the 
equator in long. 40", the depth of the ocean is hardly ever less 
than 2640 fathoms, or 3 miles. In the narrowest part of the 
Atlantic, between Guinea and Brazil, the lead has frequently 
descended to 2000 fathoms. From Pemambuco to the Ca|>e of 
Grood Hope, the deep-sea soundings, beginning with 2275 fathoms, 
end with 2325, after passing over, in the longitude of Green- 
wich, a depth of 2G50 fatlioms, or 3 miles. Notwithstanding 
these great depths, so large a jiortiou of the Atlantic has been 
sounded with 20(Kl fathoms or less, as to render it improbable 
that the mean depth of the whole should exceed 3000 fathoms, or 
three nautical miles. 

The Atlantic Ocean is supposed to be divided into two chan- 
nels by a submarine ridge, connected in the north with the rocky 
base of the Azores, and running parallel to the coasts of America. 
The Dolphin's bank, at a depth of lOOO fathoms, in lat. 20% may 
be a part of that ridge, which comes again to the surface in St. 
Paul's rocks, and bending eastward, reappears in the islands of 
Ascension and St. Helena. The western channel is thought to 
be the deeper : yet the soundings taken in the eastern channel 
are rarely under 3 miles, and 3150 fathoms have been found east 
of the Dolphin's bank. 

On leaving the Cajto the ' Challenger ' sailed E.S.E. to Kergae-^ 
len's land, at Crozet's Island (Int. 4(j^ 27' S., long. 52° 14' E.) 
foimd UtOO fathoms, and furtlier on to the S.E. 1075 (the greatest 
depth met with beyond the Cape), till on the way to Sydney (lie- 
twecn lats. 34° and 3iJ') the lead fell to 2(>00 fathoms. Towards 
Now Zealand the sea grows shallow, and thence eastward con- 
tinues so for miles among the groujis of coral islands^ the depths 
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vnnHng from 150 to 400 fathoms ; but near tlip Friendly 
Inlands 2900 were found. 

Further north, liowcvor, ni tiio Piioifitj ffroai dopths havo 
boiui Buimdotl. Tht: go^frunient of the Uailod States, wishing 
to estiihlisli telegrapluG conimuiiicitiou betwei?]! Siin Fruucisco 
and Japan, sent Lieuti'iiiint B<-lkuii]i, in the ' Tuscarorn,' to snrk a 
suidible Ited ihv the cable. In Juno 1874 tbis ofticcr left Yoko- 
bnnin on a great circle course to San Francisco ; hut before he 
h;id inlvanced iibove lOD uiiles he mounded in 3427 fathoms, And 
at the next c:t3t 4(j43 fathoms, or mort^ tlian 5 nijies of \viro van 
out without renchiuj^ the bottrini. Discouraged by this great 
depth, he retraced bi.s steps to try a new course furtlicr north 
and nearer to land. But hero again, about 100 milen from the 
shorPj bo found a deptb of 34l>8 fathoms. After another 100 
miles the lead descended one mile deeper, or to 4340 fathoms. 
The sea still continued decpeninj^, and at last the lead dcsci-nded 
to 4fi05 fathoms, the line of i^teel wire being on this and the two 
previous casta lostj In all 15 milt«. The last -mentioned sound- 
ing is tlie deepest yet made on wliich reliance can b(* jdaced ; for 
the jijipanitus employed wh^ all of tbc mo,^t perfect k[nd. Thus 
disappointed in his hopes of finding an eligible Bea-bottom on h 
j^reat circle course, Lieutenant Eelkuajr resolved to follow the 
jiiores of the Japanese and Kurile ishinds to Kamchatka, thence 
to strike eastwards along (he Aleutian chain, and afterwards to 
creep fiouthward.s along the American coast to Cape F'lattery, 
thu most northern point of California. 

On this course the greatest depth met with in 1000 miles did 
not exceed 2270 fatliom^. But in lat. 50° Hi' N., long. ISa'^ S^'E., 
the lead Iir.«t met, the ground In 3754 fatbom!* ; and ag.ain, 
halfway between Kamchatka and the Aleutian Ii^lands, it fell 
fiiidrtenly to 4037 fathomK, tlie depth at a little distance to the 
east and west being 24fiO fathoms. From the foregoing stat**- 
ment it may be surmised that the North Pacific Ocean is deeper 
than the Atlantic. But it remaiuii for future investig;ition to 
determine whether the deep soundings found in it be not con- 
fined to narrow chaauels. Tlie ocean-bed of the North Paciric 
Ocean differs widely from that of the North Atlantic, inasmuch 
as the latter presents exten.*ive levels, while the former is rugged 
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throughout and abruptly unequal. From the Telocity of the 
earthquake-wavos that crossed the Pacific in 1834 from San 
Francisco to Sydney in Xew South Wales, it has been calculated 
that the depth of the intervening ocean can be nowhere less 
than 2305 fathoms. Tlie Southern Pacific is thickly studded 
with coral i-slandr^, which are likely to rise from a great depth. 
Between San Francisco and the Sandwich Islands the greatest 
depth is 2600 fathoms. Xear the Admiralty Islands, at Papua 
(lat. 2° N., long. 142° E.), the 'Challenger' has found 4575 
fathoms (about 5 miles), the greatest depth, with one exception, 
soimded as yet with reliable apparatus. 

Tlie British Islands stand on an elevated submarine terrace of 
considerable extent, which sinks rapidly Iwyond the 100-fathom 
line. The North Sea or Gennan Ocean, nearly all within this 
line, is in some parts dangerously shallow. The North Polar 
Sea, apparently deep between Sjiitzbergen and Greenland, is 
generally shallow near the coasts of Europe and Asia. The 
depths of the South Polar Ocean have not yet been sounded. 

The natural condition of the ocean with respect to perma- 
nence has been the subject of nmch speculation. Some have 
thought that it must nece?^sarily sink, the ground beneath it 
yielding to constant pressure. Others have held that it must bo 
raised by the quantity of solid materials constantly thrown into 
it from the wear and crumbling of its shores. Its rise from this 
cause was calculated by Manfredi to be 5 inches in 348 years. 
Hoff, satisfied with less precision, estimates that 1000 years may 
elapse before tlie level of the ocean is raistnl a foot. The geolo- 
gists, with data no less uncertain, speak in equally positive terms. 
AVe cannot tell the distance to which water may penetrate into 
the ground ; but we know that temperature increases down- 
wards, and that water cannot i»ass the line at which it is con- 
verted into steam. It is not the .solid mineral formation, but a 
line of high temperature that confines water to a comparatively 
narrow seam on or adjacent to the earth's surface. Of this we 
have abundant proof in hot springs, jets uf boiling water (as tho 
geysers in Iceland), and the steam issuing from volcanic craters. 
But as the earth cools, the line that marks within it the tempe- 
rature of ebullition must necessarily sink deeper, and the waters 
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on tiio surface mitat sink with it. IlL^nci? some have calculated 
that the oceauj gradually sinking, wiU totjtlly disappear when 
tht' pyrfoctly ccrokHl trust of the globo (supposed at preseni to 
have a thickucss of from 2t' to 3U miles) shall have morcasod to 
a thickijoss of 00 miles. Fortunately the progress of gt'-olo^ical 
changes is so slow, that if we must not doubtj ^ve may lit least 
cluim the liberty of disregarding tbum. Sjic'Culations of this 
kind derive uo support from historical e-vidence. Local changt'S 
of comparativol}^ little importaucR have taken place on all coasts. 
In Rimo pkws tho gea, has cntToaehod on tho land ; in others 
the shoroj increased by drift and deposition^ has ilriven back the 
eea ; but on the shores of which we have the earliest historical 
accounts (those of Gruoco and the Greek islands, tlm strands 
adjacent to tho ])laiu of Troy, the coasts of Syria and Egypt) 
may he seen evidence of much ehaugc, but of none compatible 
with thp supposition of a general change of the sea^evel. 

Of the collected vapour which darkens the sky as clouds, and 
is subsequently precipitated on, the land A3 rain or Enow, hy far 
the greater portion springa immediately from the ocean. Wator 
iu the farm of vapour rises in perfect purity. In thp atrnospliero 
it imbibes carbonic acid gas and ammonia ; but when collected 
iuto river?, it adds to these impurities the still moro voUnnlnous 
impm-itioa of tho earth. It washes from the surface of the ground, 
or carries from the depths to which it peuetniteS; various salta 
and organic substances. All that is soluble 13 borne alon;^ by 
rivers in their downward course and deposited in the ocean. 
Thus the sea receives a constant accession of salts from tho rivers 
flowing into it ; yet the* belief that it was originally fresh and 
owes its saltnesa wholly to the influx of salt from rivers seems to 
have little foundation. The predo]ninating salt in river-water is 
carbonate of lime, which, as well as the silicate, is decomposed iu 
the sea by various organisms. Of sodium chloride (common or 
culinary salt), on the other baud, which is most abmidant in tlie 
sea, there exists but a faint trace in rivers not affected by tide. 

The foUoT^ing analyses of sea-wator are taken from — I. tlio 
North Sf'a (lat. 5T= d' N.), II. the Atlantic Oceau (kt. 20° 54' N.), 
III. the Pacific Oceau (lat. 25" 11' K), and IV. the Atlantic 
(lat. 0^ 47' N.) :— 
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f salt per cent, of water 


I. 
3-44 


II. 

8-47 
Per cent. 


ni. 

3-52 

of salts. 


IV. 
3-57 


(mean of 
all 3-5). 


Sodium chloride . . . 
Magnesium eliloride.. 
Pota«h 


74-20 
11-04 
3-80 
1-09 
472 
5-15 


76-05 
9-0 
4-0 
l-lo 
400 
5-20 


73-47 
11-G4 
3-45 
0-87 
4-00 
5-97 


7814 
C-54 
4-33 
1-46 
4-30 
5-17 




Sodium bromide .... 

Sulphate of lime . . 

„ nia^nieaia 





100-00 100-00 100-00 100-00 

Thus it appears that sea-water is not a chemical corapoand, 
but onU- a mixture rendered tolerably uniform by circulation. 
The Sidt.s above enumerated are the prominent and characteristic 
ingredients found in every analysis. But the bodies held in 
minute quantities in sea-water or in its products, sea-weeds, 
corals, (tc.j are numerous. Silver may bo extracted from sea- 
weed, coral, or in still greater abundance from old ship's copper. 
Though it may be estimated as forming only the hundred-mil- 
lionth part of the sea, yet the quantity of it contained in the 
ocean exceeds at least a thousand times the annual produce of 
all the silver-mines in the world. Lead and copper may be ex- 
tracted from the ashes of certain sea-weeds. The presence of 
arsenic characterizes the incrustations of steam-boilers fed with 
salt water. No less than 27 elementary bodies have been 
detected in sea-water bv Dr. Forehhammer. Arsenic, omitted 
by him, makes the 28th. It would not perhaps be venturing too 
far to conjecture that a few particles of everj' thing that may by 
any means be dissolved are to be foimd in the ocean, and hare 
probably been in it since its first creation. 

The obsenations of Lenz, from which the preceding Table is 
derived, led him to conclude that the saltness of the ocean in 
general decreases from the equator to the poles. Herein he is at 
variance with l)r. Carjjenterj who, holding that the minimum of 
oceanic saltness is found a little north of the equinoctial line, sees 
in that fact a proof that the equatorial sea is supplied from the 
poles. And both disagree with Dr. ForcIihainmer,who finds much 
salt in polar and the maximmn in equatorial water. Tlie sources of 
uneertaiuty in this case are easily traced. The water tested for 
.saltness is generally drawn from near the surface ; but near the 
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pole surfaoe-wttter U very salt when the sea begins to freeze, very 
frosb whpn tho ico moltii. At tlip piiuator fh*- sidtnt'iis of the sur- 
face vai'iefi in Iiko iiiiuincr with the ult<.'mat.ions of heavy rain and 
rapid evaporation. It may bw safely concluded that tht^ sefrR' 
at its surfaCP saltfst whero evaporatioii bears tht greatest pro- 
portion to pn^oipitation, \vht'r<^ tlio wiitcfj Icm-injf tho sjilt 
bt'litnd, is carried otl" and not n-pliieed. Tbt; niaxinnuii wiltiiess 
of tile sea will therefore be fonnd in the rainless zones just above 
the tropics nnd near tho sources of the tradn-wiudri. The con- 
ditiona of extreme saltm■^ls are wanting near tbe poles, where 
there is little evaporation, und about the equator, wherp there 13 
luiieh niii5. It is erroneous to Huppose tbat tlie solubility of 
soJinm oblorido (sea-salt) inert-'ases witli teniperatnro, or that 
crytttals of salt can be deposited in tlie ocean. The salt in 
solution c-amiot sepiirate fruni the fluid till the latter is fully 
saturated ; hut the sea nowhere contains a tenth of the salt 
required for its saturation. 

Sea-water eontaining iJ"5 per cent, of salt is neoessarJly heavier 
than pure fresh water, aibd has a s])eciHe j;niv3tv varying from 
1*0245 to 1-0^88. It dilates also with heat, and 30 grows 
lighter* ThR antagonistic etfects of heat and sjiltnesa are so 
evenly balanced in the .sea that the stm^^gle between them may 
last some lime, lliougb heat at last prevails. In water at freezing 
temperature (32° F.) the loss of one per cpnt. of s;dt causes 
nearly the same diminution of deuyity as tbe addition of 54*^ Fahr. 
of beat ; but in ibe oeean tbe salt never varies in qnantity abovea 
third per cent. ; consequently Salter water may bu tho lesa dense 
nnd flow over tho hsu fialt. In th.it case it must Imve a higher teni- 
yterature. Such ditterences of density in tlie strata of the ocean 
being leeblo forces, are doubtless often overpowered by currents* 

As Dr. Forebluimnier's careful invcatigations seem ealcnlated 
to lead to a raont intimate acquaintance with thp internal con- 
stitution of the ocean, their results shall be here added : — 

Mcun pru|)ni-tioa(>f $n)t9 
por 1000 of water. 

Atlftotic Ocoftn fniai iW i-qualortu Int. aO" N 30-H;3 

„ „ frnni the north of .Scotland te tlic north 

of Xcwfijuoilland 35040 

,, ,, Tivm lufikotl lo Labrador .. .. 35391 
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Veui propottiozi of ailta 

per 1000 of vmter. 

:io-273 

33-2S1 

.35-W7 

32-?23 

15-2:J0 

4-931 

39-257 
15-^4 
50-ei4 
30-553 



E»»t-fir':«rnUiifl fiurr'^nt into iMti:- .Siraiw 

J&tfltn'i Itay &r.fl iMvi* Straiw 

North C«pf »nd Hpitzbera'^n 
North of Hpitzbf;r;ff;n 
Oernjan Oc*;i»n or X-Jrth Hea 

ThA Kfttt'tjrrtt ami .Soimd . . 

Thh IV.Itic' 

Th; Mt'littrran-.-an from the Htraits Vi the Archipelairo 
„ ,, }ii-twf-f-n Cftinlia and the African coast 

Th« lilack Sf-aand Sea <if Az^f 

The Caflpian Sea f-Seiiof Kanuu). . 

Atlantic f>cean from the equator t.^ lat. 3CP S. 

„ „ fpjin lat. -"JO' t-t line adjoining Cape of 

Ooiid IIo[ie and Cape lL-<ra ,. 3o*038 

Ttetween Africa and the F^st Indiofl 3*8C8 

Fn»m S.K. Asia to the Aleutian I.-land3 -TS-.-jO^ 

From th'j Akulian to the Society Islands . . 35-210 

rnta;r'<niuii cold ciurent .. .. 33iM)0 

South IV.lar Sea, lat 77= S 28'505 

74" S 15-598 * 

ftVS 37-278 

TheJl*!dSca 43-007 

(Jarihbean Sea 30104 

■\Veiit-fireenland polar current 33-170 

Eaat-Ureenland „ „ 35-278 

Lfnz conc']ii(l('(l tliiii the Atlantic Oconn is sailer than the 
Pncifin — th(i Indian Ot'oan, as the moan between tliem, beinj; 
Halter on its wcstcm than on its eastern side. But when all tho 
olwcrvatiuns made on tlie saltncss of the ocean are compared to- 
;;('thf'r, tliey pn'sent so many diserejmncios as to force on ns the 
conviction that no /general conclusions on snch a suhject can be 
safely drawn from u very seimty supply of observations made 
i\iili*ly apart in time and place. Tlur saltness of the sea is vert' 
liable to temjiunirv niuditication by rain or ice, the vicinity of 
^reat rivers, and by currents on the surface or from the deep. 
Ali these iiiHueuces are etleetivc in proportion as the sea is shal- 
low. Jf the Atlantic, tlierelure, be salter, as is reported, on its 
western than on i(s eastern side, (bat may be ascribed to the 
p'eat extent of >Iu>al sea that j^irds tlie eastern coast of tho 
AnxTican continent. On the shoal, dee|»-sea water comes nearer 
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to ihe surface, and Gvaporatioii is less countervailed. Tliot the 

western sTdc of tlio Iiidiaii Ocean is sailer thflti tho oastcrn, can- 
not be iiscribed to its conuoxion witli thp At.la.nMo, siuoe tlio var- 
rent sots f'l'oni tiiti Ibniier tu tlip latter, but rntlier to the poculiEir 
cliarnctfT of ita two arm&, tlw Persian Gulf and Il<>d Sea, botli 
removed from the general oceanic circuiatioii, iind tlie latter fit- 
ted by nil the circunistajuces of its position to iiierease its saline 
contents. The freshness of the water brought from lat. 74° 8. 
(15'59S) iniglit hnve arisen from the melting of iee. The 
extreme saltnt'ss of that from hit, 05° S. (viz. 37'278) was pro- 
biihly due to SLilphuric acid iasuin^ from some volcanie fissnre; 
and the same acconnt might probably be given of still stjter 
water (39-257) of the Mediterraue:in Bouth of CandiJi. The East- 
Greenland current ronnuig south-westwards from the polar aea 
beiii-s such a, quantity of s-nltf^ (35'278) as to dispose Dr. Foruli- 
hammer to recognize in it tlio water of the Gulf-stream return- 
ing from its visit to Novaya ZemJya. But the whole sea from 
the north of Scotland to Labrador is remarkably salt ; and snreJy 
the WL^stern half of this traet can have no eomieision with the 
Gulf-stream. Such a retention of identity in circulating witfera 
appi^ars uiadmissible. 

Seas wliieh partieipate little or not at all in the circulation of 
the ocean may of eourae diiier widt-ly from it in composition* 
The Red Sea having no rivers to replace its loss by evaporation, 
is nec(?ss.irily much salter than the ocean- The Mediterranean 
t'onimmiieating with the Black Sea and receiving nine great rivers, 
nevertheless loHes by the evaporation of ita ample surfaco more 
than they can supply, aiid is generally believed to be maintained 
at the level of the ocean liy a currtait setting into it through the 
narrow strait of Gibraltar. It is therefore salttT than the ocean, 
nut merely at ita eastern end, or near the Libyan shores, hut 
also towards the west between Spain and the Balearic Islands, 
and in a leas degree throughout. The Black Sea recein'ng the 
waters of the Dannbcj the Dnieper^ and Don, besides tlje nnme- 
roua torrents that rush down from Caucasus, contains ordinarily 
less than half the proportion of salts found in the ocean. Bnt 
the exoi?s9 above its waste which descends to the Mediterranean 
is not considerable ; and hot for the Nile the latter sea wonld 
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probably be as salt as the Red Sea. The Baltic Sea, supplied by 
numeroQS rivers with more water than it loses by evaporation, 
sends a constant current into the German Ocean, and is but little 
mixed with salt water. The latter, indeed, can enter it only as 
drift when strong west winds prevail, or by means of the eddies 
which move in an opposite direction on the edges of every cur- 
rent ; or, finally, its greater density may enable it to creep some 
distance along the bottom. 

The Caspian Sea is filled and refreshed by the great river 
Volga ; but numerous salt streams also flow into it from the 
Steppes along its northern shores, and the volcanic tract on its 
western side perhaps contributes to taint it. Hence the extreme 
inequality of its waters, which, in general little more than brack- 
ish, are on its south-west shore, opposite to Baku, and at other 
points, excessively salt. 

Besides the elementary substances above enumerated, the sea 
contains much viscous matter, proceeding doubtless from the 
decomposition of the organisms, many of them gelatinous, \^^th 
which it abounds. To this it owes its tendency to putrefaction. 
Sea-water, even in the midst of the ocean, is rendered offensively 
fetid by the stagnation attending a few hours' calm. It quickly 
taints fresh water also. Each kills the minute organisms peculiar 
to the other, so that when mixed they increase the seeds of 
putridity. Stagnant salt water, and still more stagnant pools of 
mixed salt and fresh water, must be shunned as sources of pesti- 
lence. Fortunately calms at sea seldom last long ; the habit of 
the ocean is perpetual agitation. 

Sea-water is by all accounts far more transparent than fresh 
water. In the Caribbean Sea, the North Polar Sea near 
Novaya Zemlya, and elsewhere, shells and pebbles niay be clearlv 
discerned at the depth of 120 fathoms. It is generally assumed 
that light cannot penetrate beyond that distance in the sea. But 
that assumption, if well founded, can still bo understood only as 
referring to the light perceptible by the human eye. The 
creatures that inhabit the depths of ocean have many of them 
organs of vision well developed ; and there is no good reason for 
believing that beneath 2000 fathoms of water they are in total 
darkness.. When water with ruffled surface ceases to be tran»- 
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parent, it still remains tninsUicid. The suporficiai stratum that 
iterccpts tlie &olar ravs muj possibly resemble in lis effects the 
'unpolished j^laas somotimes used to onolose lanips, Stappisg 
tho tays of lightj, it bocome itself himinousj and presents a great 
extent of subdued ligbt, instead of intense light from & slnglo 
oointt Thus an eye at the depth of tiro miles in the oceaui, em- 
jracing a visual angle of 30 degrees, would rect-ive illumination 
from a circle of one mile of the watery surface above. 

The eolonr of the deep sea is a pure blue. Tlint of a sea not 
deep enough to preclndo tbe reflection of light from its bottom 
IB green, varying in tint with its depth and the nature of the 
ground. It wris suggested by Sir Humphry Davy that the 
ocean owes Its coJoiir to iodine, whieh hm in truth been subse- 
quently found in it, though in extremely minute quantity. 
Some assure ns that the blue colour of the sen is due t^o minute 
particles floating in it— which may be true, but is not satisfactory, 
BJnee iia occasional turhid yellowness may be explained in the 
same terms. Some hold that the colour of the ocean h connected 
with its yaltness. They allege that in the salt pans on the shores 
of the Mediterranean Sea tht? water is at rir.s;t green, but, as it 
becomes concentrated by evaporation, tnms bine. This, how- 
ever, does not explain why the Baltic Sea is bine, though shal- 
lower and less salt than the Gfmiau Ocean. In some cases fresh 
water attmctiS attention by its blueness. The Tthone, as it issu^ 
from the lake of Geneva, is an instance of this kind. The anr- 
fcice of the ocean is often coloured over tracts of many square 
miles, and rendered luminous by phosphorescent organisms of 
different kinds, the description of which belongs KitLer to Natural 
Historj' than t« Physical Geography. 

The temperature of the sea depends for its distribution nmcb 
on curreni"*, which shall be considered further on ; but prior to 
and apart from these stands the effect of ordinary insolation. 
The sun never recedes from its mean position at the equator 
more than the distance from that line to the tropics (at pre^nt 
23° 27^). At every other point of its conrf^e betiveen the tropics 
its arrival in the zenith divides unequally the time (half a year) 
rcfpiired for the passage from tropic to tropic. The distance 
between them also ia uneqimlly divided by the position of that 
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point ; and more heat 13 lost by the luminary's increased distance 
at one season than is gained by hia proximity at the other. 
Consequently the maximum of solar heat must be at the equator. 
This, however, is strictly true only of the sun's action upon the 
atmosphere. Lowor down the solar ravs are to a great extent 
intercepted. Th<' trade-winds sweep the vapour of the tropical 
ocean towards the equator. The volatile humidity collected be- 
neath the fiercest solar rays is thus quickened and carried off in 
a constantly ascending current. The heat fully employed in ex- 
pfnliting the circulation of moisture by clouds hardly reaches 
the surface of the earth. The zone of clouds is about the ther- 
mal equator a little north of the equinoctial Hnc, The mean 
temperature of the ocean at its surface, as found by observation 
and changing with latitude in its different parts, is, according to 
Kaemtzj as follows : — 

Northern Hemisphere. 
Lat. Atlantic Ocean. Pacific Ocean. 

78-67 81-6 

6 81-26 

9 82-0 

15 75-57 79-62 

30 70-74 7M 

45 57-07 51-25 

60 48-2 39-81 

75 27-3 

Southern Hemisphere. 
f'At. Atlantic Ocean. Pacific Ocean. Indian Ocean. 

78-67 81-6 80-74 

3 7lt'3 

15 75-58 74-4 78-41 

30 68-3 67-2 69-8 

45 o>ti 54-5 49-6 

«0 26-47 31-47 27-58 

Let it l»e observed that this Table professes to give in each 
case the mean temperature of the year, and therefore higher 
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and lower temperatures may be foniid Jit ilififln-cnt aeasoQS. The 
Pacific and Indian Oceans aro both warmor in low latitudes than 
the Atlantic Ocean — e\'identlj because they are sereoned by 
islands and coral banks from the ity currents of the Soutli I'olar 
Sea. Th& Red Sea and Persian Gulf are both filled with the 
warm water of thtt Indian Ocean, being fully protpcted by their 
situation and compiiratively shallow entrana-s from the cold 
waters of tlie south. As the highest mean temperatures in tho 
Atlantic aro found in lat. tr N. and 3° S., the middle of the 
cloud region may he presumed to lie midway between tUeso 
points, or in 1° 30' N. It is obWons that the fall of temperature 
with incrcaain^j latitude is not wniforiUj but grows rapid towards 
the poles, and that the southern hemisphere is in high latitudes 
much colder than the northern. Tlie warmth of tho Northern 
Atlantic is nuomalou^i, and due entirely to an equatorial current. 

As the temperature of the atnia&pht*ro is in general highest 
near tlio ground and decreases with altitude, so tliat of tho sea 
baa its maximum ordinarily at the surface and dinimishes with 
increase of depth. Irregularity in tho distribution of tempe- 
mture is exhibited in tho atmosphere chiefly in tho region Ije- 
tween the surface of tho earth and the highest clouds ; in the 
sea it is found in the upper strata exposed to winds and visited 
by currents from uU tpmrters. The general decrease of the 
tenipornture of the sea from the equinoctial line to the poles 
seems to ho alxmt 0'°'8G'i, or thirteen fifteenths of a degree of 
F.'direnheit'a scale for one degree of latitude ; bnt in fact it is 
far from being uniform. Currents from the polar circle deprega 
the teniperuture near tho equator (at the Gaiapagos Islands), 
and again tiiey carry warmth from the eq^uator to the polar 
circle (in the North Atlantic), 

The temperature of the oquatori.tl ocean being assumed io bo 
at tho surface 81°'5, tho thermometer, about the equator or in 
the belt of rains and cahus, will fall to 40° at the depth of 3(>0 
lathoms, and to 32° at 2600 fathoms. But this is an exceptionoJ 
case, the approach of oAd water to the surface being here attribu- 
table to the ascending current maintained under the zone of greatest 
evaporation by the pressure of the submarine polar currents on 
both sides. Nearer the tropics, or in lat. X&° uorth of the equi- 

t2 



276 PHYSICAL GEOGRAPHY, 

noctial line, the temporature of 40° is first met with at a depth of 
about 800 fathoms, and at 3000 fathoms (nearly 3^ miles) nothing 
colder than 34°. South of the eqnator the decrease of tempe- 
rature downward in the Atlantic Ocean is much more rapid, on 
account of the greatly preponderating influence of the South 
Polar Ocean. It seems certain, however, that in both hemi- 
spheres the water at the base of the ocean is extremely cold ; 
water at 32° has been drawn from great depths in low latitudes ; 
in high latitudes at 26° and even at 2G°. Whence, then, comes 
this cold ? It cannot in low latitudes have been derived from the 
earth. Tlie only explanation that can be given of it is, that the 
cold water of the poles, sinking by reason of its greater specific 
gravitv, has spread over the bottom of the sea, and forms the 
base of the whole ocean. And this view is confirmed by the 
fact that seas not communicating directly with the polar seas, 
nor with the depths of ocean, are free from ice-cold water. 
Thus the Mediterranean Sea, communicating with the Atlantic 
by a strait at one place only ICO fathoms in depth, and admit- 
ting therefore no cold water, has, below the depth of 100 fathoms, 
no water at a temperature less than 54° or 55°, which is the 
mean temperature of its latitude. Seas like the Red Sea and 
Persian Gulf, which are by their position perfectly secured from 
polar currents, are necessjirily warm. The Sooloo Sea in the 
East-Indian Archipelago and many spots about the Philippine 
Islands and in the Pacific Ocean east of New Zealand have warm 
water at great depths, because surrounded by ridges of coral 
which rise above the level of the cold water at the ba.ie of the 
ocean. The degree of cold prevailing at the greatest depths of 
the ocean has not yet been experimently ascertained, the best 
protected thermometers having hitherto been in everj- instance 
crushed by the pressure at a depth of five miles. 

It was till recently the popular l»elief that the temperature of 
the sea beneath the surface falls reguhirly with increased depth 
till it reaches the point at which water has the greatest density. 
This point is for fresh water 3i>°*4 ; for sea-water it is about 28°. 
But the distinction between fresh and salt water was then over- 
looked. It was supposed that the line marking the temperature 
of 39°'4 was to be found under the equator at a depth of about 
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7000 feetj and iiience ascending ■cojne to the sarface somewliere 
betwwii htt. GG° Jitiil GU°j :iiid Ibat thcnct* to tbci pule (uU tLe 
water having tbe maximurn density) the lowest toiiii»eraiiire waa 
at tlio surfiico. TIil'hl' vknva scemLHl to Lo contirniod by tLu ol>- 
sen^ations reported hy Oajitain James lioi^s from his voyage to 
the South Pohir Sea, and dow rejected Le<?ause olniously incor- 
rect, owiug, it is believcdj to tlie iiupcrJVctiou ol' his uistrimifntr;. 
Errors, Iiowever, ro tmiform and systematic could not have 
originated ia cjisual miytuko ; and it is ovideut thut thermomctei'S 
which fonnd the Bamt* temperature at all depths never yielded 
to pressure. N<;iLher can it be btiUovcd tliat Cuptuiu Sir James 
Bos.? L'vor kno^vingly tampered T\'ith the truth. It ig more pro- 
bahJe that in puLlin-bing his ohpervations he relied implitiily on 
some ftieu<l (a philosopber by virtue of bis office ; pej*haps the 
secretary orj^uiiie I<*arm-d society), who took care to adapt thfni 
to the theory iu f'aBhion. 

A3 water cools it contractB, its specific gravity increasing. 
Sea-water varies idso in density according to its saltness. Ileut 
makes it hghter, suit heavier ; and it is not easy ia any cuse to 
calculate the exact effect of these opposing elements ; but the 
amount of variation iu the sidtnoss of the sea is always a very 
mioute t|uautity. It sccnis, however, to be generally assunted 
that the polar sea is less salt than the equatorial. This opinion 
we believe to bo wholly groundless, Kear the pole iu sununer, 
when the ico is melting, the surface of the tiea is covered with 
freish water. Wo are told by Captain ScoreKhy that in the sea 
near Spitzbergen the tempei-ature at some dejitb is generally 
G° or 7*^ higher than at the iiurface- The obvious explanation 
of thiH is, that the fresh water whieJi Ues at the surface Hows 
from the ice with the temperature of 32°, The surface-water ia 
light and cold, because it is freish water ju&t thawed and not yet 
above the freezing-point. The spocitic density of polar sea- 
water cannot be Jeamcd from its surface in summer. It is not 
true, as some imagine, tliat the pulnbility of sodium chloride or 
sea-salt inereaees with heat. The intertropieal ocean is salter at 
its surface merely because it is subjected to active evaporation, 
which carries uHthe freshwater. Agaiiijin the c^enlml Hne near 
the equator there seems to be a decrease of salt, not because, as* 
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some explain it, polar water there rises to the surface, bat be- 
cause in the zone of perpetual rains, where perfectly fresh water 
may at times be drawn from the trough of the sea, no fair speci- 
men of the ocean can be obtained from the surface. We hear of 
equatorial water at the pole and of polar water at the equator ; 
but surely, since the ocean circulates throughout, there can be no 
essential and abiding differences attaching to it at the pole or 
equator. The relative position of currents cannot be absolutely 
determined by slight difference of density in the water. The 
cold may flow over the warm, the denser over the less dense ; 
but where there is no agitation the coldest water invariably goes 
to the bottom. 

That there exists a circulation between the equator and the 
pole, the water from the former flowing to the latter at the sur- 
face and returning from it at the base of the ocean, is admitted 
on all sides ; but whether the cause of it be graWtation or the 
winds is a point disputed. It is asserted, on the one hand, that 
the column of water at the pole, rendered heavier by condensa- 
tion, sinks and moves at the bottom towards the equator. At 
the surface the loss of level thus occasioned is made good by a 
flow of water from the equator, which is again supplied from 
below. This tbeorj- is resisted on the ground that gravitation 
could not accomplish the task here assigned to it — that the dif- 
ference of level between the pole and equator is very small, 
the distance between them very great, so that, with a descent of 
only 4 feet on a line of 6200 miles, gravitation could never 
overcome the viscosity of water. This is a most ingenious argu- 
ment, the strength of which lies in the tacit assumptions that 
underlie it. It assumes that the disturbed level of water can be 
reestablished only by superficial currents. But the fact is that 
water by its weight and mobihty repairs instantaneously every 
defect of equilibrium or breach of level. The currents that run 
on its surface are not so much the direct consequences of dis- 
turbance as of settlement. Notwithstanding the viscositj' of 
water, it is impossible to make on its surface a degression so 
slight as to be permanent. The ocean may be compared to a 
balance of the finest kind. Its perpetual agitation does away 
with the effects of viscosity. Every defect is instantly and 
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locally repaired, the wavea carrying on the aceouot from point 
to poiat till tho final adjustment. The inclined planu with a 
slope of 4 feet in (1200 mUos exists only in scriontilic imagination ; 
it has no place in nntare. Tht! adjustment of level is effocted 
by short steps though propagated far. But in endeavouring to 
show that difforenco of temperatures could not bo far change the 
relatiTO heights of tiie polar and equatorial oceans as to give rise 
to a euTTent from ihe one to the otlierj it is not fair to compare 
tlie polo, of which llttlu ia known, with the equator, the thermal 
condition of which is peculiar and widely different from the 
general characteristic condition of the equatorial region. It 
would be more can^Ud and reasonable to compare the maximum 
equatorial heat with the nearest icc-colJ sea. Between latitudes 
23° and 73° may be found a difference of tcmpeniturea double of 
tliat found by Mr. Croll between the equator and the pole, luid 
eepai'ated by little more than half the distance between the latter 
points. Tlie same writer assures us that the sea in lat. 3(J° is 3J 
feet higher than at the equator ; perhaps then the slope from that 
parallel to the pole may be sufficient to overcome tlie viscosily of 
the eea. Eager to reelrict the sway of gra^-itationj Mr. Croll 
asserts that the tide raised two feet by luiuir attraction ia not 
again reduced by gravitation to the mean level of the sea^ but 
in six hours "is pulled dowu by the moon." Herein he is 
grievously mistaken. It is s^tated by the highest authorities that 
the tides on our shores arc 2 to 2^ days old. But without 
adopting the arbitrary date assigned to the Lirtb of the tides, we 
can safely assert that ftie tide which reaches ihc British Islands, 
coming from the S.W.j has turned its back on the moon for 8 or 
9 hours before it reaches St- George's Channel, and is no longer 
under the influence of that luminary. The fall of the tide is a 
local phenomenon ; tlie same tide may continue on nearly the 
same meridian (as, forexamplej on the east coast of England) for 
a whole diiy without being " pulled down by the moon." 

Neil her can wc iH^lieve that the equatorial ocean is lower 

jthnn the Jlorth Atlantic, and that there exists a hollow just 

where the trade-winds unite their efforts to heap up the sea. 

This mode of proving that water cannot flow from the equator 

to the pole ie clearly incompatible with th.e assimied slope Cfom 
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the equator to the pole. We cannot, therefore, aroid concluding 
that there does exist a circulation between the equator and pole, 
efifected by gravitation, and as a consequence of difference of 
temperature. Since the moving force is weak the circulation is 
slow, and cannot, till reinforced, be called a current ; vet it is 
not on that account less certain, for there is no paralysis in 
nature and no force lost. 

This conclusion does not exclude the winds from a share in 
the promotion of the circulation in question. Indeed all avail- 
able forces seem to concur in aiding it ; and perhaps the most im- 
portant is one which has hitherto escaped notice. It is worth 
while to consider the effect of the tides on the polar seas. The 
head of the tide is almost strictly confined to the tropical region, 
but it draws supplies from the polar seas ; and though the lunar 
attraction is at the poles somewhat diminished by distance, still 
it is more effectual, because more horizontal. It acts most 
strongly on the densest water ; and thus twice a day it draws the 
polar sea towards the equator, attracting not merely the sur- 
face, but the greatest dejiths, where there are no winds to coun- 
tervail it. This constantly repeated impulse can hardly fail to 
generate a current to the equatorial region. 

But to come directly to the matter at issue : Mr. Croll points 
out how the forced circulation of water in pipes or a small 
vessel differs from that in the ocean. Cold cannot drive down the 
polar colnmn of water, nor make it heavier than the equatorial 
column ; " nor can heat be applied to the bottom of the ocean 
to make the water there lighter, so as to generate an ascending 
current*. But this," he exclaims, " is diametrically the opposite 
of what takes place in nature." Here he goes too far ; for the 
Sunt is that an ascending current is generated in the equatorial 
ocean, though not by heat applied at its bottom. The sun 
operating on the clouds in the mid region of the earth raises 
and disperses them so rapidly us to create an ascending current 
in the atmosphere ; hence comes reduced pressure, which, with 
heat, calls forth excessive evaporation ; and this exhaustion of the 
surface is supplied by a never-failing current from below. 

The ocean may be divided into two great compartments — 
namelv, that of warm water, receiving its heat from the sun and 

• Climate and Time, p. 146. 
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Iving tberefore at the surface, its wnrmest portion bt'iug in Uie 
iiiiddltj ur about the et|uator ; and that of cold water, nnderlpng 
the jircc'oding and roacbiiij; the suriltuo oiily in tlic polar regions, 
to which it owes ita t<?mpfrature. The lint's of equal tempera- 
ture drawn through it idl shik deeper towards the equatoriul 
region ; hut the tvvo cold (vti-eajiis frum the poles meet in the 
DiiddJe and resist each othor^B advance j they become piled up and 
approach the surface of the ocean, where it is rapidly carried ott' 
by e3liaust.ive evaporation, Fig. B5 exhlhita u sectiou of lh«! 

Fiff. 86. 




ocean between tbe poh's, or from N. to IS, The siiiidiiiir of tbe 
water iiKToases as tL-mperature diminishes, the regions luarked 
out by dottod lines being the intertropical or torrid zone, th« 
■warm touiperate, the eoo3 temperate, and that of congelation. 
The conjuuctiou of tbe polar streams at the base of the ocean is 
not at the equator, but north of it, owing to the greater volume 
of the southern ocean. The depth at which tbe temperature of 
40° may be foimd is at the northern trojuc about three times 
that at tbe equiitor. Thw cold water, as might be ])resumed from 
its position, is collectively heavier than the warm, and constantly 
presses towards the equator, where it is drawn oti'and dittsipated, 
while the polar basins arc as conetautly rejilcnii^hcd. 

Kow it is obvious that, if there be near Die equati>r a con- 
stantly ascendiug colttinii of water (and the fact, uc belicTO, ifl 
not diif.|>uted), that ascending stream, due to the excessive evajM)- 
ratiun iii the belt of calmsj is the mainspring aud cause vt' [H-r- 
petuity of the circulation between the pole and the eqiuitor, 
which is not the eU'eet of polar cold^ nor ytd of the m inds ; for if 
there were no winda or currents towards the poles it would still 
continue us the consequence of the rapid evapoj-ation of the 
equatorial ocean. Tbe existerjce of this flsceuUiug current is 
Irequently recognized by Mr. Croil, who ne\'erthelegs loses 
sight of it in his alarm les^t gravitation fihould supplant snper- 
tieial ocean-currents, the importance of which certaluly does not 
depend &a their cxclusiveness. 
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CHAPTER XIX. 

Waves, how produced — oscillating Motion — the onward MoTement of the 
Water only apparent. — Form of Waves — Velocity. — Earthquake- W area 
effect of Wind — increase to leeward — estimated height — Direction 
changed by Friction — Depth affected by them — Feelings connected with 
them. — Tides, how caused — Variations in a Lunar Month — Lagging 
and Priming — Spring- and Xeap-tides. — Establishment of a Port — Dr. 
Whewell's Cotidal Lines. — Tides romid the British Islands. 

Disturbances such as canse vibration in solids produce in flnids 
undulation, or series of waves, proceeding from the point first 
disturbed. The waves of the sea appear to be mounds of water 
moving fonvards ; but in reality the water iu unbroken waves 
has no progressive motion. It does not change place horizon- 
tally, but bas a movement at once vertical and oscillatory, which, 
being propagated along the surface, produces the nio%nng profile 
of undulation. A cork or piece of wood thrown on the sea is not 
carried away by the waves. On the crest of the wave it moves 
a little fonvards, but is soon left l>ehind by the wave, and then 
in the hollow it moves a little backwards, so that vnih a slight 
oscillation it keeps its place. 

In order to explain the peculiar motion of waves, it is only 
necessary to show how it may be produced by the revolution of 
the particles of a fluid near the surface iu vertical planes and 
cuncd paths, circular or elliptical. If the surface of water be 
depressed at any point by wind or other force, it rises, when 
releas(Hl, above its mean level, and then falls as far again below 
it ; and this alternating movement is propagated all around from 
the point disturbed, but chiefly in the direc- 
tion towards which the dis^turbing force in- _ ^^ - ^• 
clinos. In ortler to follow tbi;' movement j^ 
and trace its consequences, lot us mark the ^ \ ^ 
course of the particle a on the surface c d \^ J 
(fig. 8()). Pressed l)y the wind from the ' 
left, and repressed by the water on *he right, it shiks, and sinking 
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evades tie wind, but encountere stronger pressure from *he gur- 
rouutling partides of the wator. It is tims forced tlownwarda 
and backwards to g. At this point, sheltort'd from the wind and 
left to the reaction of tbo de]>ressed fluid, it le thrown up to & 
height (A) equal to its preceding depression, and then returns to 
tie line of level to repen.t its somewhat circular revolution. The 
motion of this particle is cominunic:it«i to all those that follow it 
in the same direction. All move in similar paths^not simultane- 
ously but in snccession ; and the line connecting their positions 
At any instant describes the surface of th^ water at the same 
time. Tlio particles being conti;rtionSj their circular paths mnst 
neces)*arily overlap and intersect each other; but in ortler to 
avoid confusion in tlie figures, we shall here assume the particles 
to be Jit such a distance asunder as to allow.the circles described 
by them to touch without iiit<'r*ecting. 

Let us suppose the circular path of the dlgptaced particle lobe 
divided iutu 12 parts, beginning with 
or 12 on ihe right (fJg. f*7) ; then 
and 6 will mark the mean position or 
level of the water, 3 and 'J respectively 
the lowest and highest positions of the — 
wave. Let it bo asaiuned also that the 
time in which the particle passes through 
one of these divisions is ctjual to that in 

which the motion is propagated forviai-d from particle to particle. 
It is evident, then, that %vhea the tir)^t particle has completed its 
revolution^ twelve have been set in motion, each being Just one 
Btago of its revolution behind that pretjoding it (fig, Sb). The 

Fig. 88. 



Fig. 87. 








WttTfr-mation, 



circular paths of alt may bo supposed to be divided as in fig, 87. 
Then all iieing sujpostd in motion, the re&ulting configuratitm 
of the &url'ace is ensily tniced. Siippose the purtide at (he 
extreme left to be at Ihe loweet point of its circular path, or 3, 
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then that of the next circle will be at 2, in the next at 1, and in 
the thirrj circle from the starting-point at 0, or the level line, 
"niree f^irclfs furtiier on the particle will be at 9. or the highest 
point ; three circle- further on it will be again at the level, and 
with three circh-s more will rf'ach the lowest point. ha\-ing thus 
in 12 revolutions gone through all its phases and taken its posi- 
tion in the i;^t!i circle for a new «tart. The line drawn joining 
tlie ininiMliatfly «ucc-?-sive jioints in the series of circles in the 
manner dejrcrilied will obviously represent the profile of the 
Bnrfaw, and linen joining all the jKjintS; according to the same 
rule of succession, will repres<*nt successive profiles passing one 
into the other, or the wave a.-? it appears at successive moments 
of time. Tlius is fonii(_*d an undulation which moves onward, 
not bv un onward flow of water, but bv the mere rotation of the 
particles in a stratum near the surface. What is here demon- 
strated of particles is obviously apjdicable to masses of water 
rollwl in lines Iwfore tlie wind. 

It is obvious that wlicn the revolving particle is at the highest 
jK>int of its course (marked If) it moves forwards, or in the direc- 
tion of the undulation ; and a confluence existing towards that 
{>oint, the water necessarily rises. >Soon afterwards the particle 
at 3 t4'nd.s vertically downwards, while that at 9 in the coutigu- 
ous circhr moves vertically upwards. Their motions, therefore, 
btfing count* Tacting and equal, have no effect on the mean level. 
In the lowest point of the undulation (3), or in the trough 
iM'tween two waves^ the motion is backwards ; but a little further 
on the motion of the circling i>articles is again fonvards ; and this 
divergenci* of th<? currents necessitates the sinking of the water. 
Tlie distance from tlie lowest point of one trough (r, fig. 88) to 
the lowest point of the euce<'ediiig trough (x) is the length of 
the wave. Tlie phenomena of undulation Iwing viewed in only 
one direction, there is no need of distinguishing between length 
und breadth. Tlie dimension of the wave therefore, measured in 
that direction, is ealled by the former name. 

Iln' rotation of the ])artieles of water in circular paths has been 
as.»umed for the cxj)lanation of undulatorv movements, because 
it is the simplest ease and admits most easily of clear re])re- 
seutation. But the truth is that disturbances calculated to 
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genenita circular rotation occur very 
rarolj. The internul motion in waves 
is gonprally elliptical, the horizoDtal 
axis of the ellipse YxAtig the grenter, 
Un* vortical axis tlip Ipss, and dccrcag- 
ing downwards till the olHpsb shrinks 
to a strai^Iit lino (fig. 811). In shallow 

wat<pr also tho ellfp-iiis that genrmtc-s ^ — -^ 

nndnlation is much c-ompresswl, and thn 

clistancG between the waves is much c; ^ _ J' 

increased in proportion to their height. ._ . 

In caao of irregular or abrupt dis- 
turbance, the clhpse becomes an nnsymmetrioal unclosed curve 
(.r, fig. flO). 

Tbo heifrht of a wave dependa on the force that I^iff- ®- 
givos birth to it ; and according- to tho Brothers 
Weber, who first investigatod tho laws of nndnlation, 
tho disturbance th:it creah'^s a wave is felt fo a depth 
of about 350 times tho height of that wjive- This conclusion, 
however, being drawn from experiments made in narrow cisterns, 
may not be applicable fo the open sea. Theory shows that at a 
depth equal to the length of the wave, the undulatory motion 
is but a s^ part of that at the SttHace. At a comparatively 
moderate depth, therefore, the ocean may remain little affected by 
the agitation caused above by winds. Waves increa»»e in height 
by the persistence of the wind that raises them. WTien it blows 
off the laud, the waves near the shore attain no great height ; 
bnt at a dii-tauco from shelter, and by accnmulation of impulse, 
tboy acqnire magnitude and velocity. 

Tho velocity of a wave, considered apart from modifying cir- 
cnunatanceg, ia that acquired by a body falling from a state of 
rest throngh half the height of the wave. It would increaae, 
therefore, in the duplicate ratio of the height if it were not 
controlled ta some extent by the depth of the water. The con- 
nexion between the length of a. wave, its velocity, and the depth 
of the water is shown in the following Table, calculated by Sir 
George Airy : — 
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Length of the Wave in feet. 


Depth 
of the water 
in feet. 


1 


10 


100 i 1000 

1 


1 1 

10,000 100,000^,000.000 10,000,000 


Corre^pondinfT velocity of wave peraecond in feet. 


1 r2-2G2 ry:V20 5<»;7 5 671 5-ti71 5-C7li 5-(i71 i 5-071 

10 Hifto 7151 Ii'rS-<:M7-0in 17n;W 17i>:t:{,' 17-0;« ■ 17-ft-J:l 

100 i „ ditto -'2i»i>4 5.1-3U0 5t}-rt7:> 5(V7I0' 5.J-710 50-710 

1,000 1 „ „ ditto 71-543 1H8-8;W 170-210 17»-330 179-:J30 

10,000 1 „ ' „ „ ditto i>:>0-240.>;W-001 5iW-720' o)>7-100 

100,000 1 „ i „ ,. 1 „ ! ditto ,715-4:30 10a9-;tOO 1793-300 



On the 23rd Decemlwr, 1834, an earthquake ravaged Simoli 
in Japan. The great waves created by it and propagated across 
the Atlantic were recorded on the self-registering tide-gauges of 
San Diego and San Francisco, on the Califomian coast. The 
times of arrival of those waves on the eastern shores of the 
Pacific, compared with the times of their origin in Japan, justify 
the conclusion that a wave 217 miles in length may be propa- 
gated across the Pacific Ocean between Japan and California, a 
distance of 4527 miles, at an average rate of tJ'l miles per minute ; 
whence it follows, according to Sir Gr. Ain*'3 theory and the 
preceding Table, that the ocean thus traversed has a mean depth 
of 2365 fathoms, or 14,190 feet. 

TiVaves are ordinarily produced by the pressure of the wind on 
the sea over a considerable area. The sea is at times beaten 
down quite flat by violent gales, and becomes for a time a level 
sheet of foam ; but soon regaining its liberty it rises up with an 
array of waves. To understand the relations of these to their 
cause, they must be studied collectively. The effect of wind on 
individual waves is mori'ly superficial. The water being driven 
forward on the more exposed part, or simimit, causes the leeward 
side of the wave to be the steeper or more abrupt. A strong 
wind drives the water up into a narrow fluke or crest, and this 
again breaking, mixes with the air and takes the form of foam. 
To the lofty thin crest and the broken water which crowns it 
is due all the danger attending waves. A ship rides easily over 
the greatest unbroken ocean waves, but it must pass through, not 
over, the ridge of foam that covers the crest. "When we hear that 
a ship has been struck by a sea, we may understand that she has 
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encountered the creat of a wavOj which has flung at once many 
tons of water on the deck. 

Sino^ waves increase in speed and height by the persistence 
of the wind that raiacd and continues to m:c^^lyr:ttti them, great 
BweUa are most Ukely to occur far down in the course of constant 
winds. Heuce the S.W. winds of the Northern Atlantic raise 
their greatest seas in the Bay of Biscay and St. George's Ohanneh 
111 like manner the N.W. wind of the Soutbem Atlantic exhibit 
its force chiefly off the Capo of Good Hope. In these cases the 
vicinity of land (the shores of Europe in the one case, of Southeru 
Africa in the other) causes by reverberated undulation a shorter, 
steeper, and more dangerous sea* 

The difficulty of estimating the height of \vavc3 at £ca lies in 
the absence of any fixed level wherewith to compare them. 
Captain D'Urville thought that he had seen thorn reach the height 
of lUO feet ; bnt in this high estimate ho stands alone. Moat 
seamen suppose them to have a height of from 25 to 40 feet* 
The vett^rau Arctic voyager, Captain Scoresby, on his voyage to 
Australiaj observed waves the elevation of which above the 
trough of the sea he calculated to be about 43 feet. Cregta of 
water rose 7 feet higher. But little dependence can be placed 
on observations of this broken kind ; for in a stormy sea ditTerent 
systems of waves coexist, and the space between two waves of a 
greater system will be occupied by waves of an inferior system ; 
bnt the seaman can only observe the height of an adjacent wave 
above the trough of the sea in which his ship lies. He cannot 
disentangle the mixed systems of undulation, nor compare the 
lowest trough ■nHth the highest crest. Ho does not peroeive the 
change of level in successive undulations. He may observe the 
height of A (fig. 91) above the ship'a deck, but not that of B 
above A. 

Tig. m. 



When waves roil from the sea into water not deep enough to 
allow of the internal oscillation propagated from thera their speed 
is checked ; and the foremost being most retarded^ they come 
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closer together. The wave that feels the ground becomes steeper 
in front, where it first meets impediment and is piled up, till the 
crest growing continually narrower at length falls forward as 
broken water. If the movement of the waves be at right angles 
to a sloping shore, those nearest the land will be first checked bj 
the friction at the bottom, while those further out will advance 
with unimpaired velocitv in deeper water ; and consequentlv, as 
they all hold together, the waves will wheel ronnd so as to face 
the shore. On every shoal coast and slanting beach, therefore, 
the waves run directly to the land, or inclined to it at a very 
small angle. 

In perfectly calm weather the waves that flow to the sea-shore 
have ven.- little height and are wide asunder. They are delicate 
lines separating broad bands of glassy surface, and exemplifv a 
single system of undulation ; bnt the wind rising, the sea is 
qnickly covered with waves ; smooth surface vanishes, all is 
agitation. The furrows between the waves are marked with 
ripples of a lower ortler. The waves in the rear pressing those 
in front, the latter crowd together, raise their foaming crests, and 
fall thundering on the strand. And here it seems opportune to 
offer a remark on the immense force exercised at times by the 
waves of the sea. The power of the wave is obviously due to its 
weight and velocitv, the latter of which elements is seldom ade- 
quately estimated. But we are told also that the waves of the 
sea have moved great rocks and lifted them from lower to higher 
ground. Such an effect produced by a horizontal force is totally 
unaccountable ; but let it be obsen'cd that the specific gra%"ity 
of water being as 1, that of granite rock is about 2*5. If we 
suppose, therefore, a granite rock of 20 tons to be overwhelmed 
by a great wave, it loses instantaneously by its submergence 
b tons of its wfijrlif. The effect is the same as if it received on 
its base a blow sufKciont to raise vertically 8 tons ; and this, 
added to tiie horizontal impulse of the wave, constitutes a lifting 
force. 

It is generally believed that the agitation producing waves, or 
produced by them, is perceptible only to a little depth. This is 
doubtless true of violent agitation ; but the vibratory motion of 
undulation reaches to a considerable depth, and any interference 
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with it below reacts on tbe surface. Hence it is not surprising 
thai tbe st»a bri?ftks on tlie banks of Newfoiitidlandy where there 
is still a clppth of 400 foet, and UiJit tho wavo from tbe Atlantic 
approaching ttie we-st coast uf Ii't'laud breaks oq, the edge of 
sountlinga, or in 100 fathoms. 

The grandest spectacle of materia! nature in motion is pre- 
sented by tht! aoa. Nothing can be more snhlimo than the 
immense waves of tiie ocean, such rs are shown m Daniel's 
drawing of " A Kortb-wcstt^r oft* the Cape," running with the 
speed of a racohorse. Nothing t-nn ho more gently gract'fnl than 
the flow of the low and widely separated waves that wash the 
shore in perfiiftly calm weather. The rippio raisL'd on smooth 
water by a hght broozy wears an as^pectof cheerful vivacity. But 
in all tJiese cases the most important characteriatic of waves is, 
that they are manifestations of a pnlsation extending over the 
globe, and always strictly obedient to a gre.it natural law ; for they 
are at any one time and place perfectly regular in size and 
inten^al, though their regularity is often hidtlen by complica- 
tion. We may feel gome snrprise as well as regret that Mi3fcon, 
when looking round, in his * II Penseroso,' for instances of suo 
ce&sion as suggesting infinity and serious contemplation, should 
have re^Bted content with — 

" tLo fa>i:ifl* ciufew ^ound 
Oreraome wide -water'd inhere 
Swinging- slow witU sulleTi iqm," 

and never thought of the waves rolling in endless succession to 
that shore, reflecting the moon's rays, and possibly reaching to 
the horizon, thus figuring in bright lines Jacob's ladder leading 
to the skiea. 

A airrcct knowledge of superficial currents is to mariners 
most important. In order to find their way through the ocean 
they mufit keep a strict account of their eourse, of the djstanee 
as well as the direction run. They must tike care to estimate 
their speed, faking into account the direct effect of tides and cnr^ 
rents. If these last be neglected, then the ship's way may be 
miscalculated, and some risk is incurred. Currents are most 
dangerous when unsuspected ; hence it is worth while to examine 
decide the qnestion whether the waves that roll to eveiy 

u 
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shore ha^•e not a propelling power — that is, whether they do 
not ^-irtoally fonn a current. To prove the affirmative of this 
question is the object of a volume, written with earnestness, 
ingenuity, and research, by an officer of the Italian Xavy, Com- 
mander Alessandro Cialdi. Philosophers have agreed in pro- 
nouncing that the undulation of a liquid implies no progressive 
motion of the mass, but only a change of its superficial outline. 
There are manv, nevertheless, who cling to ap]>earance, and be- 
lieve the onward motion of the waves to be shared by the water. 
M. Cialdi exhibits a goodly list of names, many of them distin- 
guished, who seem to favour his views ; but it is eWdent that his 
nautical partisans could never have seriously considered the 
question. Seamen go round the earth, sail in all directions ; 
baffied by adverse winds, they fully account for their lost time ; 
but, taken collectively, they keep their reckoning, and reach 
their destinations with wonderful punctuality. They know their 
speed precisely, driven by the winds and over the waves ; of 
the former they carefully take account, but never heed the latter. 
Waves in a moderate gale have often a speed of 30 or 40 miles 
an hour. Captain James Boss saw waves to which he assigned 
a speed of 89 miles an hour. How could a seaman, seeing such 
waves fly by him, imagine that the water beneath him partici- 
pates in the velocity- of undulation? The silence of the seaman's 
log respecting the height and direction of veuves is decisive 
proof that waves never interfere with liis reckoning. 

The best authorities refuse to believe in any connexion between 
waves and currents. How, then, can it be proved ? M. Cialdi 
does not attempt to ofler direct proof of his proposition, but 
labours to show that on many or most coasts there is an in- 
draught, for which it is impossible to account if it he not the 
eflFect of waves. Of the existence of such an indraught he fur- 
nishes abundant proof, and the cause of it desenes the careful 
consideration of those who hold that it cjmnot be imputed to the 
waves. 

Granting, then, the drift of water towards the shore, let us 
look elsewhere for its possible and unsuspected cause. It is 
generally assumed tluit the surface of water is a perfect level, 
equally distributed inequalities due to waves being disregarded. 
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But the truth is that it ia seldom level over a wide area ; for 
though water tends to preserve a level surface (that is, to lie at 
right angles to the direction of gravitation), yet time being 
required for it, when disturbed, to regain its lost position, its 
tendency ia unable to cope with incessant disturbance. But if 
the surface of the ocean be not level, will not this affect a ship's 
reckoning ? Lieut. Maury assures us that a boat falls down the 
sloping side of the broad Gulf-streara. If so, that slope would 
turn a ship from her direct course. But we are more inclined to 
believe that the boat, as a buoyant body, would tend to rise to the 
summit of the watery arch. The waves that fall on a sloping 
shore leave after them a long line of seaweed and drift-wood, 
brought there by their clinging to the highest surface and the 
top of the waves. A coral island in the midst of the ocean and 
just above its level is continually washed over by the waves, and 
exercises a sort of attraction on all bodies floating near it, because 
the sea breaking on its margins everywhere rises above its ordi- 
nary level. The island, therefore, receives a proportion of drift 
far exceeding what belongs to its area, and in a few years it is 
covered with cocoanut-trecs and other tropical vegetation, the 
seeds being all conveyed to it by the waves. What has been 
here said of steep-sided coral islands applies much more strongly 
to banks, or low lands with gradually sloping shores, on which 
the sea runs up a long way. 

Now if there exist in the ocean an impulse, however slight, 
due to the deviation of its surface from the horizontal line, it is 
possible that it may, in some situations, increase till it becomes 
important. Tides are attended with great changes of level, un- 
equidly distributed ; and on shores in straits and narrow seas tho 
disturbances duo to them are often enormously multiplied. It 
is stated by a well-informed writer that at a certain stage of tho 
tide in tho Irish Sea (between the coasts of Wexford and Lanca- 
shire) the surface of the sea across from W. to E. rises at the 
rate of 2^ inches per mile, or 2 feet in 9 miles ; the ascent in 
reality is not uniform, but increases towards the east. The differ- 
ence of level between the tide at the head of the Bristol Channel 
and that at Courtown, in the county of Wexford, at tho same 
instant can hardly be less than 30 feet. Such is the difference 

u2 
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behveen opipositc shores at high water ; but at low water this state 
of things is doubtless to a great extent reversed. The tide which 
leans to the east when flowing into the Irish sea, presses west- 
wards, on the coast of AVexford, when ebbing. It seems worth 
while to examine whether some unsuspected danger may not 
lurk in the pressure of tides and currents on sloping shores, 
which, by raising the water along the shore, creates a Literal im- 
pulse at right angles to that of the current. A current runs con- 
stantly along tlie western side of Italy, from the S. to the Gulf 
of Genoa, the effects of which probably caught the attention of 
M. Cialdi, who, to account for them, could find no apparent 
cause but the motion of waves. 

From what has been said, it may be concluded that a wave is 
essentiallv a member of a series, obedient to the laws of tmdula- 
tion, and therefore that there can be no such thing as a soli- 
tary and disconnected wave. 

Nevertheless the name wave is sometimes given to moving 
heaps of water which have no connexion with imdulation and do 
not obey the laws of waves. A mass of water collected by anv 
means and thrown forward on the sea will, by ^-irtue of its 
momentum, continue to move till friction and diffusion reduce it 
to the general level. In narrow channels, where it cannot spread 
laterally, it may long maintain or even increase its height. Such 
a heap of water has been styled " a w.ive of translation." But 
since it is plainly distinguishable from waves, inasmuch as it is 
not a part of a series, and in the aise of the tides is a nioWng 
mass and not merely a form, it may more accurately, and in 
purer English, be called ''a transported billow." 

On nearly all the shores of the glolw it is observed that the 
sea rises and falls twice in the course of the lunar day of about 24 
hours 50 minutes. Tlie mean interval, therefore, between its 
semidinnial risings is about 12 hours 25 minutes. Thcst* periodic 
heaving^ of the sea are called the tides — that is,in old language, the 
times or periods of time. On the polar coasts of Russia and Siberia, 
where the movements of the >oa are more constantlv observable 
than those of the sun. time is still measured by the tides ; and the 
distance of a jonmey is reckoned by the number of tides, or, in 
the popular language, of waters, required for its completion. The 
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sea attaina its greukat height at high water j it thpn begins to 
fy,IIj and roftdies its lowest point at low water. Then, after a 
short pjiusi^', it luigins again to rise ; but th<? t'bli or fall is losa 
raj>id than thy (luw or rise, so tliat the tiniy of low water is not 
exactly midway }>etween the times of preceding and following 
high wators, but nearer to the latt^?r. ObstTvation ahowa that 
high tide everywhere occurs when the moon arrives at a certain 
poaition in the heavena. At Ijiswich that position is to the 
S.E., at London to the S.W., at Bristol in the E.S.E. From 
this drcuniatance the philosophers of Greece and Rome concluded 
that the tides are due to lunar influence ; hut the uature of that 
influence reniaint'd a myetery till Newton showed it to he a con- 
seq^uetice of uiiivf rwil gi-avitation. 

The soKd globe and its fluitl covering are both attract^id by the 
sun and the inoon^ with a force vftrying uiversely a^ the square 
of the distance from the attracting body. The effect of the 
attraction on the ocean, however, is not proportional to itfl whole 
absolute strength, but to tlie diiierence between its action on the 
centre of the sulid globe and on the fluid at the surface. The 
surface of the sea nearest the sun being more attracted than tho 
earth's centre rises to the attraction : the centre, again, is more 
attracted than tho surface remote from the sun j the sea on this 
surface, therefore^ falls from the Inmmary or rises in the oppo- 
site direction. Tlie effect is the same as if t^o solid globe were 
drawn away fmni the sea on the side remote from the sun, while 
the sea facing the sun is drawn up from the solid globe. Thus 
the ocean assumes in the plane of attraction the figure of a 
spheroid, the longer axis of which paints to 
the attracting body (fig. !>2). Now the dis- 
tance of the sun being about -iOO times that 
of the moonj the diftt*reiice between its at.- 
triiction on the centre and the sui-face of the 
earth bears a much less proportion to the 
whole attraction than in tho case of the 
moon ; aud moreover that whole attraction 
is but a very small part of what it would be 
at the distance of tlie moon. Consequently the sun, notwith- 
standing the immense superiority of ita attractive power, exer- 
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ciscs lc?s influence on the tides than the moon. Supposing the 
glohc to be all unifomily covered -n-ith deep ocean, the height of 
the lunar tide would be o!^ inches, while that of the solar wonld 
not exceed 23 inches. The lunar influence, therefore, is to the 
solar nearly as 5 tu 2, or more accurately as 100 to 38. 

Tlie ocean, attracted by the sun or moon, tends, as has been 
stated, tu assume the fi^rure of a spheroid ; but in fact that 
spln-niidal figure i> never comjdetcd. The ocean requires time 
to adju.-t itM.'lf tu the conditions imposed l>y attraction ; but each 
hnniiinrv niovin;r on, chaii;xin;r its direction and distance from 
the <ithi-r. the conditions of attraction to Ite complied with also 
coniinually chancre, and never wait to be fulfilliHl. 'Jlie two im- 
perfectly funned spheroidal tides, the lunar and the solar, or L 
and S (ti^s. S"3 and !'-l). always coalesce, the liquid convexity 
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formed by them at T bcinjtf more broad and flat the greater 
the angular distance between the luminaries. Tlie solar tide 
makes its circuit of the earth in 24 hours, the lunar tide in about 
24 hours ofl niiinites. TIk-v coincide on the 
meridian at tlie syzygies (fig. i'.')) — that is. at 
conjunction and oppu.-ition. or the new and 
full moon. In this ease, tlie tide raised bv 
the more jHTleet CMoperaiiou of thi- lumina- 
ries, called the r.].r:iii:-nde. i- jiroportional to 
the smn of tlieir f..ree*: imd these ln-inx- 
assumed tu b'- ."> and 2. ilie spring-tide will 
lie as 7. Tlie water li.aj.rd up ar aiiv meri- 
dian by the foree ufaltractinn is evidently 
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drawn from t!be surroTindiiig ocean to a distance of 90°. Thns a 
liigh^ticie is ahvaya followed bj a proportionally low ebb. The 
Gstremos of low wat-er occur at the timo of the highest spring- 
Udea. 

On the daj following that of new moon this luminaiy lags 
in its diurnal revolution 52 minntps hfihind the sun, or is ahont 
13° further east (fig. 9G). The tidi?, therefore, farmed, net 
by the coincideneej hnt only by tho close combi- 
n.'ition of its two elements, is lowerwl, its ]ii<;he&t 
point heinft not directly Under tho moan or sun, 
but between them, and nearer to the former ; and 
having gone enshvard, it occurs a little later than 
its mean time. This h^ging, as it is called, takes 
place from the new to the full moon. 

In little more than eeven dnys after conjune- 
tion, tho moon arrivea at the quadrature, or 90° ^i 

from the sun. This is its first quarter. In this ^^ 

position (fig. fJ4) the attractions of the two luminaries, tfcting at 
right angles, counteract each other. The high water of iho one 
coincides with the low water of the other. Tiio resiilt is the 
neap-tide (T), the relative height of which, being eqnnl to the 
diflference of those raised hy the Inrainaripp, ig 3. Tlie low water 
attending ncap-tidf'S falls little "below the mean level of the sea. 
After another equal intcnal of about sevcD tlnys,lhe moon, 180°^ 
from the snn, nn-ives at opposition, or is full (fig. 95), and its 
attraction then coinciding w ith that of tho sun, spring-tides again 
occur. From the full to the new moon tho latter Imriinary 
precedes the sun (tig. 07). and high water coming 
before its mean time is said to pritru'^ It then 
goes on to its second qmidrature with neap-tides, 
and then, completing the Innation, to conjunction 
or new moon with spring-tides. 

Tliua within the limits of a Innar month 
('2'^* 12'' 4i'» 2*'S7) tho tides ptiss t^-iee tlirongh 
all grades of mngniliide, from springs to neaps, ^ / 

and vary also in the intenals of their succession. J3^ 

TJie variations already pointed ont are increased 'C/ 

nnd complicntetl by the ever-ehanging declinations of tho 
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lummariesT which, bj separatin|r them, modify the results of 
their coniblnpil action. Tbf separation of the snn and moon 
ftlludcd to in the preceding paifigraphs i;^ that measured qu the 
equator; "but tbey aleo varj in their distance from tlie equator. 
The snn, moving in the ecliptiC;, wanders in the course of the 
year 23^ 27' north and south of the equator, or through an arc 
of 40° 54'. The moon, iu an orbit inclined to the ecliptic at an 
angle of &° 8\ may accordingly range from the equator to a 
distance of 28° 35'. Thus the luminaries, even on the same 
meridian, in conjunction or in opposition may \m 52'^ apart, and 
in that easo their widely spread conjoint tide must be much 
flattened and reduced in height. 

The declination of the moon, when considerable, may cause a 
great inequality in the geniidiumal tides. If 
the luminary (L, fig. 98), with 2S°of declina- 
tion, be at noon in the northern hemisplierCj 
then the head of the tide (T) will be almost 
vertically beneath it in lat. 28* N., only 12"= 
from a place (A) in lat. 40^ ; but the follow- 
ing nighty or after 12^ 25™, the moon (L') 
will be 180° distant on the other side of 
the globe J and the head of the Imiar tide (T') on (he s^ame meri- 
dian us A will be in lat. 28° S., or 5(j° from the point it covered 
the preceding noon and 08** from A. lljis diminution oralt«> 
natc titles is often sut^cii-nt in high latitudes to render change in 
the height of the sea unohservable, so that there seems to be but 
a single tide in 24 hours. 

Sine* the height of the tide depends on the union and strength 
of the attracting forces, spring-tides are sure to increase as ihe 
moon at full or change approaches her nodes, and consequently 
are highest at eclipsea of the sun or moon. If on these occasions 
the moon he in the part of her orbit neai-est to the earth, her in- 
fluence will be thereby increased ; and if the eclipse should take 
place in January, when the sun also is in perigee or nearest to 
the ejirth, tJien will be combined all the circimi&tances conducive 
to a very high tide. If, on the contraryj the sun and moon be 
widely separated by declination, if the former be In quadrature 
(i. e. at the end of the first or third qnarter), and if both lumi- 
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nariea be in npogeo or their greatest distance from the earth, then 
their diinimshtxi power will effect but a moderate rise ol" tide. 
In aJI cases the rise of high water is followed by ii propurtlunato- 
fall of low water. 

The time of high water being everywhere conneetinj, aa 
already.' stated, with the moon's position, it is easy to calculato 
from tlie lunar movement}! the time of rctumiiig high water. 
For tbis purpose it 13 only necessary to observe tlie time of high 
watefy or the intenal of time between it and noon on the day of 
new moon. This Is called "the Establishment of the Port." 
The time of high water on any day may then be fomid by add- 
ing to the establishment tlie time corresponding to the moon's 
advance in the hea^ ens slnco the preceding new moon. Care 
sbonld be taken to find the establishment accurately, to correct 
for priming or lagging if the observation bo not made on the 
day of new mooiij and for the interval elapsing Wtween noon 
and the moon's passage of the meridian. It is too often assnuuxl 
that the time of high water is tliat at whieh the title ceases to 
flow ; hut in truth high water and the cessation of fluw coin- 
cide only in liay-s or inlets where there is no pnssuge for the 
water. Elsewhere the flow of tide mny continue lotig after the 
water has V>egun to fall — tliat is to say, it flows by, and the 
water Einks without cliange of course. 

It has been assumed in the preceding paragraphs that the 
deep sea completely covers the globe^ and that the ludf of it 
(18U°) which faces the moon or gnu is raised by the attraction of 
the luminary till its central zone is changed from & circle to an 
ellipse, the apsis of which follows the attracting Ixxly at the rate of 
lOtlO miles an hour. The highest part or apsis of this ellipse is 
of course immodiat'ely beneath the attraction j and as the patlis of 
the sun and ninon are almost always within the tropics, it follows 
that the tido must be highest in the tropical zone, and thence 
decrease in higher latitudes- Bnt in fact those conditions, 
assnmed to simplify the theory of tides and render their nature 
euay of comprehension, do not exist, and their consequencen 
therefore are not realized. The sea does not completely cover 
the globe. In the northern hemisphere the greater jtart of the 
temperate zone is occupied by land, which by its projections 
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divides the ocean into separate basins, the Atlantic having under 
the equator a breadth of 60, the Pacific Ocean of 150 degrees, 
narrowing constantly towards the north. Europe, Asia, and 
Africa, or the Old World, extend from the vicinify of the north 
pole to 30°, America to 50° south latitude. Thus it is only in 
the southern ocean and above the oOth parallel that the tide can 
be collected from 180 degrees, or make the circuit of the earth 
with unchecked momentum ; but the tide originating in high 
latitudes cannot possibly have the development of an equatorial 
tide. Whore, then, are we to look for the origin of our tides, 
which do not flow from E. to W. in the course of the attracting 
bodies, but come to us from the S.W., or even from the north ? 

It was in 1835 that Dr. Whewell first produced the map pre- 
senting what he designated " a first approximation to the esta- 
blishment of cotidal lines." In that map he assumed that the 
tides in the equatorial region and the Xorthem Atlantic are pro- 
pagated from the southern ocean ; and accordingly, beginning 
with the tide at Tasmania, he drew cotidal lines running north- 
westwards to India, and to the X.W., X., and N.E. up the 
Atlantic. But the more he considered the subject, the more he 
became impressed by the startling facts that there is little or no 
tide in mid ocean, never more than 2 or 3 feet, and that the cotidal 
lines on the western sides of Africa and America run nearly 
parallel with the coasts. He wrote fourteen memoirs on the same 
subject ; but the result of his persevering study was that he 
totally abandoned the ]>rinciple on which his published map was 
founded, declaring his persuasion that no reliance can be placed 
on cotidal lines drawn across the ocean (from E. to W.). Never- 
theless the cotidal lines of his " First Approximation " continue 
to be co]>ied, though he subsequently condemned them, his map 
alone being known, and not his mature \news. As he never 
reduced these to a consistent whole in a second and improved 
map, we must seek to rectify his first map by omitting whatever 
appears clearly irreooncihiblo with his last decisions, and marking 
in dotted lines what seems to be founded on theory or otherwise 
doubtful. 

Before we proceed to speak of the courses of the tides, it is 
necessarj- to direct attention to two preliminary observations. 
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The use of tlie expression (ide-wavo seema calculated to engender 
mueb misconcoption. The tide is not so much a prominent mass 
oi' water on the surface, as a rajiid current in the deptli8 of tho 
ocean^ adTancing with rapiditj' of which the surface gives but a 
feeble indication. But when this deep-seated current meete 
with opposition nnd is arrested by land or by nn equal current, 
then indeed it ^hows itself at the surface, and by accumulation 
reaches a great height. Again, this current \a most rapid iu the 
deepest ebannel. It is easily cheeked hy friction ; therefore 
when it approaches land, being impeded and held back hy the 
sloping const, it wheels round, and, like wavee^ has some tendency 
to face the shore. 

According to Dr. Wliewcll, who is still our beat guide (see 
Plato of the Tides), the tide that washes the north-weatern an^le of 
Tasmania, or Van Dtenicn^si Land at 1 o*cIock, reaches in 'j hours 
Capo LecuwiUj the south-western angle of Aui-tnilia, a distance of 
24 degrees. Between those points, therefore, it must be much 
retarded by the friction of the land ; for since it goes round the 
globe in 24 hours 50 minutes, it onght in 6 hours to pass over 
nearly 90 degroo.a. Wo must suppose, therefore, that further aonth 
in the open ocean it has advanced this distance. In 6 hours more 
it arrives at the southern end of the peninsula of India^ and also 
at the Cape of Good Hope, peaching, however, in a bigluT latitude 
the meridian of 40° W., 180° from its storting-point. Near the 
Asiiitic shores it find? shoal winter, and consequently requires. 6 
or 7 hours to advance from Ceylon to the head of the Bay of 
Bengal, and nearly a» many to reach the entrance of the Persian 
Gulf* The tide which has reached the Cape of Good Hope ha^, 
in a higher latitude, advanced G0° further west. It tbui^ faces 
the Atlantic Ocean, and runnuig north-westwards with reduced 
speed in four hours arriveg at Cnpe Frio in Brazil. Further 
south it is so much impeded by the shalloivnesa of the sen that 
12 hours elapse before it breaks on the shores of Patagonia. 
But from Cape Frio it turns north-westwards to the coast of 
Africa, ; and in G hours from the Cape of Good Hope it ajiponra 
to touch at once the American coast near Cape St. Boque and 
that of Africa at Sierra Leone, while in mid ocean it has reacbetl 
the nortliL'm tropic* But in these six hours of progress to tlje 
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north the moon has gone 90° to the west, and the tide, now 
deserted by the force that created it and no longer a primary 
but a derived tide, becomes more saperficial and mnch glower, 
depending for its direction on acquired momentum, the earth^s 
rotation, the depth of the channels, and form of the adjacent 
coasts. In lat. 30° N. it begins to bend to the N.E., flowing 
towards the British Islands, which it reaches in about 16 hours 
from the Cape of Good Hope. 

Having rejected the h^-pothesis of tides extending quite across 
the Atlantic Ocean, Dr. ^Vhewell suggested that those tides 
might be explained by supposing a librating or balancing move-" 
ment, throwing the sea first to the east, then to the west. This 
was in fact to restore the influence of the heavenly bodies ad- 
vancing from east to west, and collecting the waters as they 
proceeded. Tlieir attraction is doubtless less eflfective on an 
ocean only 60 degrees wide than it would be on 1^ degrees ; 
yet its power is only abridged, not annulled. It can draw the 
waters up the western shores of Africa, and again in a few hours 
collect them on the eastern shores of America. The tide, incon- 
siderable in the middle of the ocean, becomes conspicuous when 
accumulated on the shores. In a few hours more the sun and 
moon passing over the American continent, call a tide to its 
western shores. This tide and that just described in the Atlantic 
do not proceed from the southern ocean ; nor yet can it be con- 
fidently asserted that they are wholly unaffected by influence 
from that quarter. It cannot at present be stated how far those 
tides of different origin aid or interfere with, depress or aug- 
ment each other. Tlie conflict of tides in the Pacific Ocean is 
proved by numerous irregularities. Dr. ^^Tiewell's map contains 
much information ; but it is impossible to determine how far it 
rests on good observations, and how far on hypothesis. 

When we come to consider the tides round the British Isles, 
we get rid of uncertainty, and have to deal with perfectly ascer- 
tained facts (see Plate of the Tides, British Islands"). The 
4 o'clock tide touching the coast of France near Brest forms a 
loop towards thv English and St. George's Channels ; then bending 
about 100 miles to the west of Ireland, it strikes off northwards. 
The 5 o'clock cotidal line touches the Irish cojist on the west, 
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follows tile suuthern coast, crosses to South Walos, and then runs 
down to tlifi Scilly Islunds, [«o aa to complete tho circuit of St. 
Greorge'a Chaiinol, and udvaneino; about 120 milt^a up the English 
Channel, turns back to terminate on the French coast some 40 
miloa oast of Brest. All the snccessivG tides in the English 
Channel form narrow loops^ the point reached by the tide iu 
mid channel being 100 iiiilea aheatl of the point where it meets 
the land, till at length the 11 o'clock tide joins the Nortbi'oreland 
with the French coast a short way east iVoiii Calais. 

The 5 o'clock tide, it has been seen, touches the west coast of 
Ireland. The G o'clock tide in the north passes from the shores 
of Donegal to the westward of the Scotch islands. The succes- 
sive tidea round tlie.se northern shores being retarded by the land 
on the right, wheel round completely, so that the 11 o'clock 
tide at the north-eastern angle of Caithness faces to the south ; 
the succeeding tides rmi southwards along the east coast of Eng- 
landj till at last the next 1 1 o'clock tide from the north reaches tha 
month of the Thames, and meets the 11 o'clock which flowed up 
the English Chanrnd. But tliese tides are of dift'erent nges^ that 
which goes round by thp north being 12 hours older than that 
which flown in the English Channel. 

Along the Dutch and Danish coasts the tide advances, till it 
encounters the tide coming from the north. From their collision 
lariees an eddy or circling, to which probably may be attributed 
the formation of the Dogger hank. 

When the tide entera the Irish Sea, its momentum carries it 
forward to the coast of Wales, and it continues, as in the English 
Channel, always in mid channel far beyond the points which it 
has reached on the coasts. Consequently when it has reached 
the Isle of Man with the 10 o'clock lino (4 hours from the entrance 
of the sea), the coasts of Ireland on which It has, as it were, 
turned its hack, and those of Lancashii-e which He in a recess, 
have not yet felt its approach. But meeting at the Isle of Man 
the tide of the same age which comes from the north, its progress 
is arrested, and the accumulated waters flow oft' on both sides, so 
that at 11 o'clock high water takes place both at Liverpool and 

I Dublm. 

I The tides rnnning up the English Channel and Irish Sea, in 
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compliance with the general law, lean to the rij^ht ; in the latter 
case especially, because the direction of the current is to the 
Welsh coast on the right side of the sea. Consequently it rises 
higher on the right side than on the left. It is higher in general 
on the French coast than on the south coasts of England, and 
on the west coast of England than on the eastern coast of 
Ireland. At Courtown, 40 miles south of Dublin, the rise of tide 
never exceetls 2 feet. At Kingstown (Dublin) it is 17 feet, at 
Liverpool 34 feet, Jl^recambe Bay 45 feet. \Miile running up 
the channels it pas::-es by the lateral inlets at Bristol and the 
Gulf of St. ^lalo ^nthout entering them, but when ebbing it 
fills thera ; and spring-tides rise at Bristol to 50, at Chepstow, 
on the Wye, to 60, at St. Malo to 45 or 50 feet ; the great 
height of the tide in these cases being due to the accmnnlation 
of the ocean-tide in a narrow recess. 
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CHAPTER XX. 

Curreote, tlieif Origin. — EquBtoriEil CurrnnE in the Atlantic. — Gulf-stream. 
— Strait of Bt^oiiiu. — Warm juul Culd Biiodd. — Maury's Description. — 
Magnitude of the Warm Btrtatii, its C&uwk and Limits. ^ — Atkntic Cur- 
rent to tho Polar Sea. — Curreats tlia cpnsequences of l>iatiirlifliice, not 
Com()ensnliona,-^Japao Current.— HuraVuldt'8 Current — Mosambit^ue — 
Pucilic. — Dellccticin of Currents. — Thu Cold Currents famed for tlie Lost 
FisL. — Currents of the Medittiiranetui, S:c 

Heat and gravitatiou, it bus been seen, cooperate indirectlyy 
liringing about a uirculiition between the snrfaco and lowest 
dfjilbs of tlio ocean. Tliti winda abo, the oti'spriug of boat im- 
eqnally distributoJ, givvt nae to currents on the surface of the 
seas over which they prevail. The primnrj or tmde-«'ijids, aa 
they are culled, produce the most important fiitrface-currents. 
Blowing strongly aud constantly from the N.E. in the northern, 
from the S.E. in the PoutbtTn hemisphere, they give to the 
ocean between them a ^v't-stward inpulsey and the equatoriid sea 
runs in general in a constant stream from east to west. There 
are still some who maintain that thiri westward niovpinent of 
the ocean is due tc the iuertia of the earth's fluid covering, which 
dbos not fully participate in the rotation of the solid globe. But 
inertia signifies an indi&position to move otherniae than with the 
fiolid globe. If we suppose the e^rth to have been originally in 
a state of rest, and then suddenly made to rotate, the fluid on ita 
Burfacu must have bceD, forced by friction, gradually and partially 
at first, yet in the courjue of time completely, to share its rotatory 
motion. But in truth there is ao reason for supposing that the 
waters covering the earth e\'er existed in a state of rest, or prior 
to the earthV rotation, Tlie effecls of inertia .would extend 
over all latitudes on the globe, and give to westward currents a 
predoniinancej which has in fact no existence. 

In the Atlantic Ocean the erpiatoriul current, running a little 
north of the equator, strikes the coast of America near Capo 
St. Roque (lat. 5° 28' S-), aud tliere dividing, a portion called the 
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Brazilian current goes southwards along the west coast ; but the 
greater part holds its course W-X.^V., till checked bj- the Antilles 
on the right hand, it turns westwards, and enters the Caribbean 
Sea. Still urged forward, it follows the coast, and passes between 
Yucatan and Cuba into the Gulf of Mexico. This sea, being 
filled bv a constant stream from the torrid zone, not exposed to 
any influx from the poles, nor cooled by winds from high 
latitudes, may be considered as a reservoir of warm water ; yet 
cold water at the temperature of 35° found in it at great depths 
proves that it communicates by some deep channel with the 
ocean. The warm current in the Gulf of Mexico, compelled to 
yield to the pressure from behind, runs east^vard between the 
mainland and Cuba, till cheeked and turned northwards by the 
Bahama banks, it enters, between Florida and the Island of 
Bernini, the strait, about 32 miles wide, named from the latter, 
and thence is«ues with increased velocity northwards, under the 
name of the Gulf-stream. 

In the Strait of Bcnifui the depth of the water, reduced by a 
bar or ledge, varies from 100 to 350 fathoms. On both sides of 
that ledge the sea deepens ; but towards the north, in the course 
of the stream, are found submarine ridges running parallel to the 
Alleghanies, and, like those mountains, steep to the west and 
sloping gently eastwards. Thus the Gulf-stream is divided into 
several channels ; and where these are deep the water is warm, 
while the shallower water over the ridges is found to be com- 
paratively cold. Xor is this all. The cooler water often mani- 
fests a current to the south, directly ojiposed to the Gulf-stream. 
Tliese facts have been left imperfectly explained. It is true that 
coolness generally characterizes water over shoals, because car- 
rents flowing over them may occasion the rise of water from 
considerabh' depths. The loss of heat also by evajroration at the 
surfact^ is less easily suppHwl, and therefore more |)erccptible 
the less the volume of water. But the coolness of the water 
over the ridges could alone l>e thus accounted for, and not its 
contrary din-ciiun. Now. in liict, <'olil streams from the shores 
of Labrador and East (ireenland unite to fonn a current, 
which runs down close to the shelving shores of the United 
States, and makes its way through and beneath the Gulf-stream. 
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But why dom the cold current come to the surface ? Thia may 
be exjhlaiaed by the form of the ridges (steep to the west, slophig 
^oiitty to thfl east) uml the general law of currents in the northern 
hfmii.phi!rc'. Both currents h^an to th<' right. Tho cold stroams 
pressing on the oastern slope of the ridge are carried up by tliis 
very inclination ; tho warm streams goiiijr northwards aro con- 
fined on the right by a steep harrier that cHVctually represses 
them, 

Tho couvFO of the Gulf-stream is e\-ident5y defenuined to somti 
extent hy the (conformation of the ground over which it Huws. 
Hence it winds ivith tho outline of the coast, obeying every heml 
of the latter, till, in about lai. 40° tiouth of Now Brunswick, 
Newfoundland, and its hank.t, it turns comiiletwly to the caar.. 
Close to the shore of the United States rutiw a very cold current 
sonthwitrds, GO or 80 miloa wide opposite Massaehusttts, uud 
growing narrower ttiwnrds tho south. Outside of thi.s flows a 
warm current in the opposite direction. Thrai comes auuthur cold 
hand, as it is called ; and this is followed by the second Wiirin 
band, whic-li is regaiiled :is the axis or maiii branch of tlat Gnlf- 
strearu. It is deep, has a ^'urfacc-tcinperuturo of Sl^ Fahr.. 
and a breadtH in lat, 35° of .30 or 40 miles. The passage into 
this warm stream, from the eojitiguon^ ^dd current on the west, 
is remarkably abrupt, so that the Hup of si^parijlion between 
thoin has been named. " tho cold wall.^' The difllrenoo between 
them (very groat at the surface) h said to be still recogiiixabto at 
tho depth of 4U0 fathoms. Beyond Llie axi?^ of ihe Gulf-stri?am 
aro two moru alternations of warm and cold band.^, the latter 
comparatively narrow, till at length the traces of the ( Julf-'itream 
aris lost at a di^tjincL' (in lat. 35° N.) of about 4jU miles from 
the American coast. 

Tho occurrence of cnrrenta with ditfirent tempr-ratures rnn- 
niugside by side in opposite directions, of whicli the GiiH-stream 
presents a striking, but not a t-olitary iustaiiee, calls for soim) 
remark. Tlie ojiinion held by some that tUrtereuce in tempe- 
rature creates rfpugiumee in fluids^ ho tliat oUi' body of wafer 
will not readily niiite with nnotber ^vilrme^ or colder than itself, 
has no foundation. The particles of any fluid are to caoh other 
iu a state of perfect iieutraUty. When two bodies of water come 
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together, one passes through the other mereljr by force of 
nioiuentura. They mix together no further than they are made 
to mix }>y friction. They must mingle at their edges where 
there is contact and attrition ; but if they have considerable 
volumes they may long preserve their respective temperntures. 
As a current tlius forcing its way gains grotmd only in the 
direction in which it is propelled, it naturally becomes a narrow 
streak or band ; and this is sure to take i)lace if it meets with 
rucks on the side towards which it leans. As its velocitr 
diminisliesj it may grow wider and deeper by accumulation. 
Karrow bands may come together and spread out till they occupy 
a great extent of ocean. In these various phenomena there is 
nothing wonderful. 

Lieutenant JIaury, an author who delighted in prodigy, 
assures us that the Gulf-stream runs np hill. In this there is 
nothing to be wondered at but the phrase made use of ; for 
nothing more is meant than that the current flows over, sub- 
marine elevations as well as hollows. But, again, the same 
j«)])ular writer states that the Gulf-stream is roof-shaped or 
arched, and that a boat left adrift in the middle of it will fall 
down its slanting sides. This we fimdy deny. The transverse 
section of every current shows some degree of convexity. But 
in a stream 30 miles broad, and with a velocity of only two miles 
an hour, the existence of any ai>precial)le convexitj- is absolutely 
impossible ; and as to the proof offered, it exhibits a strange and 
not unimportant error into which nautical philosophers often 
fall : for when the surface of water is disturbed, the tendency 
of a buoyant body is not to descend but to rise to the highest 
part of the uneven fluid. If the Gulf-stream had an arched sur- 
face, the drifting boat would assuredly settle at the crown of the 
arch. 

Tlie warm current tliat runs through the Straits of Bemini 
has a Ipreadth of '2'i miles, and an ordinary velocity of 2 miles 
an hour: its depth is less distinctly stated. Some assign it an 
average dejtth of '2000, others of 12<X) feet; it may be con- 
veniently e.-tinialfd to be a (piarter of a mile or 1320 feet deep. 
Tins being assumed, its discharge of water will be at the rate of 
12i cubic iniles an hour, or 3(X) cubic miles a day. Snpposing 
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it never to exceed a dppth of 1320 fooij or 220 fatlioms, the 
wqter tliat passes the straits in a day will Lave a surface exceed- 
ing 1200 square miles. Thi? temperature of this currput is Ipsa 
easily estimated. We are told that in the Struits of Beniini the 
wator, being comparativelj shijlow, ia aUo cool, Bat surely it 
mtist have had in that stntit whatever heat it manifesto 10 de- 
grees further uorth^ where its mean temperature at the surface m 
H(P Fiilr., nud at a depth of 400 fathoni* 70^ It seems, indeed^ 
to inereasij wonderfully in dimensions and temperature as it ad- 
vances northwards. Relaxed sjjccd may account in some measure 
lor this growth ; and perhaps it receives accessions from the 
nei^hhouring ocean or the equatorial current that flows east of 
the "West-Indian Islands. Bnt we mnst be careful to dijjclaim 
any attempt at extreme precision in estimating the magnitude of 
the Gulf-stream. The affectation of ai-ithmetiail eTcactness is in 
such cases deJusire. TLat which is quite certain is that a very 
large hoily of warm water from the torrid zone, sufiGcient to 
cover 1200 square miles to a dejtth of 220 fathoms, is daily 
poured into the middle of the Northeni Atlantic Oceatij, circula- 
tiug through its widest part, and spreading lateralljj in thu first 
instance, as far north perhaps as the 42nd parallel of latitnde. In 
kt. 40° south of Newfoundland its course 'is eastward ; and it la 
impossible to imagine any natural cause for its diversion to the 
north or north-east. The supposition, thenj. of a branch going off 
to thfl North Polar Sea is purely arbitrary. In obedience to a 
mitural laWjthe current inclines to the right hand; consequently 
it turns southwards along the African coast, and reenters the 
equatorial zone whence it started. The central portion of the 
ocean thns encircled by the equatorial current and it.* offspring 
the Gulf-stroam is the sea of Sargasso, or of sea-weed *. This 
is an ova! space of ocean extending above 20 degrees from E. to 
W., in Int, 30^, Navigation through it is rendered difficult by 
the floating sou-weed. 

So important is the Gulf-stream to Western Europe, that it is 
well worth while to understand thoroughly its nature^ extent, 
and operation. It is generally described in terms which seem to 

• Tiie J^ievs nutans beaM cluaicrs of herriesj having 9ome reaerablfmce to 
the Sargayo, or wild grape of Portugal, 

at 2 
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give it a miraculous character. It runs eastwards, we are told, 
near the banks of Newfoundland, and then dindes, one part of it 
taming southwards as it approaches the coast of Africa, while 
another strikes off to the north, and, leanmg to the right, flows 
hv the Norwegian coasts into the North Polar Sea. But this 
di\nsion and deviation of the great current is nnaccouniable. 
Are there two Gulf-streams? Is not the essence of a current 
the course it takes in obedience to natural laws ? Of the two 
currents just described, that which flows eastwards and trends to 
the right hand in obedience to a general law is the tme con- 
tinuation of the Gulf-stream ; that which goes northwards at 
right angles to the preceding, and turning to the left contrary 
to law, must owe its movement to a different impulse, and there- 
fore cannot be considered a branch of the same stream. To 
explain the origin of the latter, it will be enough to recapitulate 
the circumstances of the Northern Atlantic Ocean. 

The intertropical ocean is uniformly heated by the solar rays 
on both sides of the equator ; but the predominant influence of 
the South Polar Sea, owing to its free communication with the 
ocean in low latitudes and the great extent of its ice-fields, is 
adverse to such uniformity ; and the oceanic zone of greatest 
heat in the Atlantic Ocean lies 6 degrees north of the equator. 
This warmest water, flowing westward across the Atlantic, strikes 
the coast of America for the most part where this extends from 
E.S.E. to W.N.W., and is compelled to take this course. 
Caught in the Gulf of Mexico, it turns eastwards, and with a 
force due to its check and accumulation and the consequent pres- 
sure, escapes by th? Strait of Bemini. Tlien, guided by the 
coasts of the United States and Newfoundland, and spreading 
out so as to reacli even the 42nd parallel of north latitude, it 
flows eastward and then southward, thus completing the circuit 
of the Northern Atlantic in the widest part of that ocean and in 
v.arm latitudes. Hence the Northern Atlantic, filled by an ever- 
active equatorial current, is a singularly warm sea with a tempe- 
rature evervwlitTc exceeding that due to its latitude. -The cur- 
rent first set in motion by the trade-winds falls in with the up 
trades or S.W. winds at its northern limits when flowing east- 
wards. These very constant winds of course produce a drift. 
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and the more easily "boGunse there mnst be, as already expkined^ 
a flow of water from low latitudes to tbe pole. As the ocoau 
continua]]y contracts towards the north, tho northward curreflt 
fi^rows more important ns it advance?. Since the -se.i changes 
its temperaturo moru slowly than tho land, its excess of tempe- 
rature increases towards the north. If in lah 40° sea and land 
have the same temperature, the sea flowing northwards will in 
lat. 50^ be Warmer than the land^ and in lat. G0° very much 
wanner ; and as its relative warmth increases, so does its 
iiitluence on the climate of the soa-coasts. Tliia influence i?, ou 
tho northerii coasts of Seandina%'ia, so rniiarkahle, that some 
ppcnliar and special causo alono is thought adequate to account 
for it. Hence the popular belief that the Gnlf-streain fltnvs into 
tho North Polar Ocean^ though there is no teniporaturo found 
near the coasts of Norway which may not he derived from any 
pwrt of the Atlantic Ofcan further south. Tlie truth, then, is 
that a comparatively wnrin current, whicli niiiy be called the 
Norwegian current, rung into the North Polar Sea from the 
North Atkntit; Ocean, which is ilsclf filled with an equatorial 
current through the Guli-.streuni. If there were no Gulf-slTcam 
there would bo still a current from the ocean into the Polar Sea. 
That curri?nt owes to the Gulf-stream a higher temperature, to 
the south-west winds increased magnitude. Tlio etlects of the 
Gulf-stream and of the Norwegian current on the climate of 
Western Europe shall be considered further on. 

In many maps showing currents the Gulf-stream tn repre- 
sented running into the North Pohir Ocenn; but when we look 
at the charts issued by the Adminilty, founded entirely on ob- 
6cr\ations, and not with ft view to &Ujiport a tlieorv, we find in 
tho ocean to the west of Ireland no trace of a current to the 
north. A set in that direction first shows itself faintly in about 
hit. 5G°, becomes plain and decided in lat. 60", and grows 
stronger as it goes northwards and approaches tjie coasts of 
Korway. If it were a branch of the GuU-stream, it would 
nssurediy ho most apparent at its f>t a rti Jig-point near the 'lOth 
parallel. Tlie Gulf-stream is certainly a most important current, 
yet there is no need of magnifying it till it becomes a prodigj . 
it is to no purpose that a very able writer, Mr. Croll, aftoets 
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moderation, when, in speaking of the Gulf-stream, he adds, " or, 
if it is preferred, tho warm water poured into the Athmtic hy the 
Gulf-stroani." The continually repeated assertion that the Gulf- 
stream flows to the pole, does the work of exaggeration. He 
claims the merit of being the first to speak of heat in terms 
of absolute measure ; yet it may be doubted whether the 
reliability of a. statement depends on the precision of its 
terms. It is astounding to loam that the Gulf-stream bears 
" 77,479,350,000,000,000,000 foot-pounds of energy per day in 
the form of heat." But let the reader remember that one pound 
of water gives 1J),300 foot-pounds of heat. Let him bear in 
mind also that there is a very wide difference between increased 
quantity of heat and rise of temperature, and that that dif- 
ference is concealed or lost sight of when heat is calculated in 
foot-pounds. AVe cannot with four gallons of water at 53° make 
one g-allon at boiling beat (212°). In like manner the equatorial 
ocean at 80°, though doubled, will still bo only at 80°. It is 
true that, by wider diffusion and copious reparation of loss, the 
increased quantity of heat will cause some rise of temperature ; 
but that increase will bear no relation to the arithmetical ratios 
exhibited if the account be kept in foot-pounds. Sea-currents 
diffuse heat by means of vapour and the atmosphere ; and it is 
perfectly ascertained that warm vapour may be conveyed from a 
great distance by winds without the aid of currents. Sir. Croll, 
therefore, whose views as to the effects of equatorial currents are 
in general perfectly just, goes too far when he asserts that with- 
out them the earth would be uninhabitable ; tho equator, he 
thinks, would be too hot, the polar regions too cold ; but he for- 
gets the furtlier consequences of such a change. Problems of 
physics often involve so many points for consideration, that the 
zealous advocate of a theory easily loses sight of those which do 
not serve his purpose. But if there were at the equator a nar- 
row zone of boiling water, the poles would doubtless serve as 
condensers, and streams of steam or vapour at a very comfort- 
able tenijieraturo would doubtless flow to them continuously 
through the atmosphere. 

When a current runs through inert water, it crates by 
attrition at its borders au eddy or series of eddies which give 
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to tbo water beyond tliem a tendency to run in the oppoaite 
dirt'cHon. Thus oxio current begets another. But doubtless 
currents may in gpnoral ho considered rather as siiperficiid 
Bymptoms of coinppnsatioa cflFoct<?d, than iis necessary moans of 
cft'ectiug it. If wo dip a vessel into a cistern to draw wnter, 
thi) fluid [ollowB iho vessel as it is withdrawn, and the level of its 
Burfuce ia n'L'stubHaliod tho instunt tltat tho vessel quit.s it j 
there is no gap left to bo filled by cuiTcnts at tho surface. In 
like nuunif-'r tho weight and flnidity of the sea euffico to repair 
in.s tan tail eoui^ily any locid 1ob9 or depression ; and if onirents aro 
produced on the surface by tho disturbance, they make their ap- 
pearmicf! when no longer need^id ; thry chase one another on 
the surfuce merely to show tho quick sensitiveness of fluids 
whoso cqniUbrium is disturbed. But as there is a flow of warm 
watur to tho polp, so theva is a flow of culd w.iter from it. This 
ia mude niunite5t by the icebergs carried southwards in spring 
iig.iinst tliL' current at the surface, when the extreme cold of thu 
poliir winter begins to giro way to tho approach of summer. 
The cold ice-bojiring currents leaning to the right run down 
sonthwaixis by tlio coasts of East Greenland and by Lribrador, on 
tho wcstarn side of Bathn's Bay. Between Westej-n Europe and 
Greenland warm and cold currents are frequently met with, 
intermingled in narrow bands ; but in all cases (adliering to tho 
general law) they lean to the right in the northern hemisphere, 
those going northwanls (the warm currents) pressing eastwards 
or on western shores, tboso Howuig southwards (tho cold cur- 
rents) creeping along east<^rn shores. "When split into bands by 
the nature of the bottom and uiternilnglcd, they go, if poseihle, 
each to the right ; and in chanuels among the ShcMand or Orkney 
Islands tlie warm cturent takes tho eastiirn, the colder jiolar cur- 
rent tho western side. 

The portion of the equatorial current iu the Atlantic Ocean 
which turns southwards near Cnpu St. lloque on tho eo:uit of 
Brnzil continues to run at some distance from the continent, till, 
iK'ing gradually defleetei.1 to the left hinid or east, it recrosses the 
Atlantic in aV>out bit. 38" S. and disajipeurm. Originally weaker 
than the branch that flows northwards, it also encoUDtcrs more 
vigorous trade-winds. 
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/^ In the Southern Pacific the current best known is that named 
/frfi j" its di-scoverer, HumLoldt's current — a cold stream of great 
nin*initude, «hicli. flowinj^ north-eastwards ajiparently from the 
south pole, strikes on the western coast of the American con- 
tinent at its southern extremity, and flows along it nearly to tlio 
equator, when it turns westwards or sinks beneath the wami 
waters of the equatorial ocean. A branch of this polar stream 
runs east^vards by Cape Hoorn into the Southern Atlantic. It 
is to the influence of this cool current that Peru owes its 
moderate temperature and humid mists. In lat. 12° the tempe- 
rature of the sea next the laud falls short of tliat of the adjacent 
ocean by 7° Fahr. A cold stream, supposed to be connected with 
■ the preceding, runs along the Califomian coast, and reduces the 
mean temperature of San Francisco by perhaps 8° Fahr. In 
the neighbourhood of tlie Galapagos Islands "warm and cold 
cuiTcnts may be foxmd not far asunder. We are told of warm 
as well as of cold currents on the coast of California ; but it is 
not clearly stated how far they are constant, or by what standard 
of temperature they are described. 

Tlie equatorial current that runs westward into the Indian Ocean 
meets no rer-istance after passing through the Indian archipelago 
till it reaches the eastern coast of Africa. There, caught in the 
Mosanibiquc Channel between the island of Madagascar and the 
continent, it becomes impetuous, and has at times a velocity of 
8 miles an hour. Further on it shows itself as the Amilhas 
current oft' the Cape of Good Hope. Tliero it meets with a cold 
current from the south or ?outh-wt >t, and the traces of it become 
tl scure. Some believe that it goes northwards to the equator ; 
but this is doubtful. The wjain and cold currents probably 
intennix and cttace each other. 

The trade-winds, it mu^t be remombered, do not approach the 
western ^hor^'s of Atrita, which almost ever\'whore attract sea 
breeze? — that is, westerly winds. The land draws the trader 
winds from tlu-ir course, and changes them from north-east to 
north winds, till at a distance of 2nu uules from the coast, thev 
l>!ow without restraint to the south-west. Hence there is a 
r.'.argin of the Atlantic Ocean on the west free from the swav of 
the trade-wintls, and which grows wider where the coast of 
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Guuic:i runs irom west to east. Here, probably ovi-inp to tho 
reaction of tlie oc^>nn-curronts uniting; to flow westwanls, to the 
head of water rati^etl betwijen the trades, and to th<? strength of 
the sea brccae*, ft iiaiTOw cuiront rims east^vards to the Bight of 
Biafra, from whith it takes its name. 

Tho course of the rqii:it*jnal current in tho PaciHc differs in 
niimy refipeots from that traecd by it in the Athmtic. At tho 
side wherp it origimitcs, along tbe wesk^rn const of America, 
lofty nionntams (the Andes) clieck the movements of the atmo- 
sj)bere, A very cold current from the south (the Peruvian, or 
HnTnlio!!dt\-? current) chills the equatorial watpra j and on the 
ea.-)t the ocean meets not so much with obliijuelv placed coasts to 
turn it aside as ■with barriers of coral reefs and islauds to rcppl 
it altogether. At the pamo time its great width faroura tho de- 
VL'loiimeat of many irregnlyrities. Hence it is that tho equatorial 
current in tliL' Paoific niiif,dil be de^^crjbed as two tropical car- 
rents fluwini^ M'estwards between liP S. and 24° N,, with a 
connter current like the Guinea-streani running eastwards be- 
tween tlieni in latitudes i^-Hf N. But these currents have 
not the strcti^rth and constiuiey foimd In the Central Atlantic. 
In the western half of the Pacitic Ocean, where the trndo-winda 
often give way to monsoons^ the currents are liable to change. 

The equatorial current does not reach unchecked the Asiatic 
continent. Many degrees further east it encounters the bankr; of 
cural winch fnngr or sujipurt the shores of Australia, Ne'.v 
Giuneti, the Philipjpinc Islands^ and extend further towards 
Japan. In the numerous straits or channels by which it makes 
its way among the islands, its direction is varieil nnd its fore** 
lost ; the QUtei' portions alone retain sonic importance. The 
most northern part of the current reaching tlie shores of the 
Japanese island Nfphon is turned northward, and tlaus plays in 
the Pacitic a part soraewhat siniiliir to that of the Grult-strenm 
in the Athintio Ocean. Bending conthmally to the east as it 
ascends into higher latitudes, the Japanese current, as it is willed, 
flows at a distance of one or two himrlred nnles from the Knrile 
Islands and coasts of Kamchatka ; then due east south of the 
Aleutian Islands, till, approaching the American coast, it takes a 
south-eastern coursej and reaches the latitudes of British Columbia 
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as a warm current. Here it seems to meet the cold current 
from the south, which chilli the climate of San Francisco. It 
turns therefore to the west, so as to enclose a small sea of sea- 
weed like the Sargasso of the Atlantic. From the southern 
borders also of the equatorial current proceeds a stream sooth- 
wards down the coa?t of Australia, and gives warmth to the sea 
between the latter and Xew Zealand. This current ditfers from 
the Gult-stream, inasmuch as it appears to he an inferior portion 
of a current generated further south than the equatorial stream 
of the Atlantic. Again, the form of the latter ocean allows the 
current to flow as it is impelled, so that unhindered it carries its 
heat into the polar l)asin. But in the Pacific the current is 
compelled to turn southwards, and being thus retarded and forced 
to mix with the deep is much cooled. From within the Aleutian 
Islands and the Bay of Okhotsk, cold currents fed by frozen 
rivers of both the Old and Xew World flow south-westwards be- 
tween tho warm stream and the A:*iatic shores. These cool 
waters, like those from BafKn's Bay on the coasts of the United 
States, produce the finest fish. 

Tho communication of the Xorth Polar Sea with the Pacific 
Ocean through the narrow and shallow Behring's Strait has 
little effect on the latter. Tho slender peninsula of Alyaska and 
attached chain of islands form a complete barrier between two 
Avidely diilerent climates, and separate the warm water carried 
by the Japanese current from that of tho strait and the ice-bear- 
ins streams that flow into it. The cooliuff office of the Arctic 
Ocean thus devolves on the sea of Okhotsk, which reaching to 
lat. G3° X. and locked in by the poninsiila of Kamchatka on the 
north-eastern coast of Siberia, the coldest region of the globe, 
collects the iee or the waters of frozen rivers all tho year round. 
From its most northern hays flow three cold currents, viz. ; — one 
nearly southwartls, along the western side of Kamchatka and 
the Kurile Islands ; here it is joined by a cold stream descend- 
ing along the eastern side of Kamchatka ; and flows as the Kurilo 
cnrrent close to the eastern chores of the Japanese islands 
Yesso and Xijthon, while tlic Kuro .Siwo, or warm Japan current, 
runs north-westwards at a little distance further east, these 
two currents come into contact near Cape Daiho Saki (lat. 
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35*30' N.), where the warm stroara prtHlomiaatea and the Kurile 
current: di&appear^i. A branch of the warm current flows also 
on tko western eidn ol' Japan, and passing through the straits of 
Sangar between Yesao and Sakhalin^ pucounters fv branch of the 
cold stream^ causing a dangerous sea with thick fogs and fre- 
quent storms. Another etiri'ent runs from tho most northern 
inliit of the sea of Okhotsk close along its Siberian shores, con- 
stnntly sweeping down fragments of ice ; whilo a third current 
waslies the shores of Sakhalin, creeps between it and the con- 
tinent, carrying off to tho isouth tho ice brought down by tho 
Amur, a river which m the latitude of the Mersey {5S° N.) ig 
ice-bound for nin*^ months in tlie year. This cold current con- 
tinues its course to the gouth^ru end of Corea, where it siakg 
benuath tJio warm stream or Japan current. 

Tho Japan curreut reserublea tho Gulf-stream, inasmuch as, 
being the ofispring of the great equatorial current, it flows north- 
eastwards, carrying warmth to tho Northern Pacific as tho Gnlt- 
stream does to the Northern Athintic ; but in volume nnd high 
temperature it bears no comparison with tho latter. While the 
Gulf-stroam is turned eastward in lat. 40" by the hanks of New- 
foundland, tho Japan stream flows beyoud the 50th parullvl of 
north latitude, mbsing with cold currents, so that though recog- 
nized by good authorities as a warm current oiV the coast of 
California, it ia not always bo described. The influenee of tho 
great Peruvian cold current extends even to California during 
half the year. Indeed tlic unly portions of the PaclKc Ocean 
quite freo from strcuka of cold water are those well-studded with 
clusters of coral islands, and protected from tho intrusion of 
cold polar water, probably by steep widls of coral. 

It deserves to be remarked how invariably is obeyed the rulo 
derived from the rotation of the cartb, that currents must incline 
in tho uortberu hemisphere to the rightj, in tho southern to tJie 
left. Whenever in. tho northern hemisphere a polar and equa- 
torial current flow side by side, tho former moving southwards 
leans on enstern cnasts, tho equatorial or warm current going 
northwards on western eorists. Tims a cold current creeps down 
the eastern coast of Kamebutka, and also along the shores of tha 
sea of Okhotsk to the peninsnlA of Corea, and again from tho sea 
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of Pecheli down the coast of China. Ontside of this a warm 
current presses on the western coast of Japan^ while on the 
eastern coast there flows another cold current, and to the right 
or east of this again is the Kuro Siwo (black stream), or warm 
Japan current. In like manner the East-Greenland and Labrador 
currents cling to the shores to which they owe their names, and 
follow closely the shores of the United States, while at a Uttle 
distance to the cast the Galf-stream bends off to the right. 
These cool streams ou the banks of Newfoundland, the shores of 
Labrador and the United States, and on the eastern coast of 
Japan are famed for the excellence of their fisheries. In the 
warm seas of the Indian archipelago the fish are no less abmi- 
dant, but far less palatable. But the fish that frequent the cool 
waters of the temperate zone seem to be impatient of ice and 
extreme cold. It is related that on the shores of Labrador, in 
the Gulf of St. Lawrence, the fish at times crowd together in 
such a manner that multitudes of them are crushed to death. 
This is plainly incredible. Crowded together, asphyxy or want 
of air )vouId be more fatal to them than pressure. But whence 
the pressure ? On the coasts of Labrador all the rivers descend- 
ing to the sea bring ice-cold water. At a little distance from 
the land icebergs frequently pass up the Gulf. The shoals of 
fish are doubtless often caught between the train of icebergs and 
the frigid waters from the land, and fleeing from congelation 
crowd together in the manner described. On the coast of Nor- 
way also are streaks of cold water, determined not by currents, 
but by deep channels filled %vith dense polar water ; and there too, 
according to the rejiorts of fishermen, the fish are often so closely 
packed together, that an oar driven down into the shoal will 
stand upright for some minutes. 

Since currents in the southern hemisphere bend to the left, it 
is evident that the Peruvian or Humboldt's current, which strikes 
on the western coast of South America at its southern end, 
must come originally from the west. In the high latitudes of 
the southern hemisphere the impetuosity of the elements is little 
checkwl by land, and the west wind has always nearly the force 
of a gale. The drifts created by it soon Ix'comc strong currents, 
on one side sweeping the perpetual ice, on the other (the left 
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Bido) spreadjng out witli a change of course. The Foravian 
current has been found to have a depth excpeding 900 fatlioms, 
and probablv equals in magnitude if it, does not exceed the Giilf- 
stivam. The cold current met with on tho wt:st of Africsi, near 
the Cape of Good Hope, and those occasionally siting tho 
southern coasts of Austrnlia and New Zealand, may be all con- 
sidered as deflected branches of tha drifts caused by the west 
win<l3 that career in front of the ice-cliffs Tonnd the southern 
pole. 

It now only rcinains to say a few words respecting the few 
currents that flow into or out of inland seas conmiunicating with 
the ocean. The Mediteminean Sea is fjaid to lose more water by 
the evaporation of hs amp]e surface than it receives from the 
numerous river? flowing into it. It wonld continindly sink 
tbereforej so Jong as tho evaporation from its surface exceeded 
ita puppUeSj, if the deficipncy of those were not made good from 
the ocean. A current set5 into it from the Atlantic, whieli re- 
establishes the level of Hie sea; but tho remote part, which has 
lost fluid by evaporation and retained the salt, becomes now tho 
heavier^ and in the course of circulation moves at the Ixjttom 
towards tho ocean. Thus in tI]o Straits of Gibraltar there is a 
snrfiice-enrrent running in chiefly at the south eide, and .^!Iso an 
undor-purrent running out at the north side, both varying much 
with thp tidesj but the former predominating. The Black Sea 
receives from tbo great rivers that enter it a supply far exceed- 
ing its evaporation. A current therefore runs from it through 
the Bo^phorus and Hellespont to the Mediterranean ; but this 
does not prevent the salter and heavier water of the latter from 
penetrating by an nndLT-ciirreut to the Black Sea, which would 
otherwise beeome quite fresh. Here, again, we see tho rule of 
direction strictly adhered io. Tlio current entering tho Mediter- 
ranean goes to the right along the coast of Africa, and then 
turning north by the coasts of Syria, returns following all the 
sinuosities of the ^^dian and Adriatic seas. When we are told 
that tho sea is saltier between tlie coast of Franco and tho 
Balearic Islands than south of the latter, we uuist remember that 
it is tho older Mediterranean water, and has lost much by 
evaporation since it passed in on the southeni side. 
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In like manner the exhaustion of the Bed Sea is compensated 
hy an indraught from the Indian Oceanj while a minor stream 
of Salter and denser -water issues from the Strait of Bab el 
Mandeb beneath the inflowing current. In the Baltic Sea, on 
the other liand, the supply from rivers far exceeds the loss by 
eraporation ; and consequently a current from that sea flows in- 
cessantly into the German Ocean. But the heavier sea-water is 
still able to penetrate some distance as an under-current ; and 
the Baltic with all its rivers i;i nowhere perfectly fresh. 

Called into existence by the ever-changeful winds, and liable 
therefore to vari' with the temperature and pressure of the 
atmosphere, currents are often reported which have no prolonged 
existence. jHany observations are required to determine the 
constancy of a current. E^en those most constant are at times 
interrupted ; and though the navigator ought to be on his guard 
against evert' suspected current, he ought not to trust implicitly 
all that is taught on the subject. 
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CHAPTER XXI. 

Congelation in Fresh Water — in the Sea. — Thiclniess attainable by Ice. — 
Varieties of Sea-Ice. — Source of Icebergs. — Limits of Polar Ice. — 
Grounding of Icebergs — Distance reached by them towards the Equator. 
— Snow, its Forma — Density — Limits at Sea-level. — Snow in the Sahra. 
— Good Effects of Snow. — Perpetual Snow — Conditions determining its 
Height. — Table of Altitude of the Snow-line. — The Line of Congela- 
tion different. — Disadvantage of Ice and Snow. — Perpetually Frozen 
Ground. — Ground-ice. — Iceless Cold Lakes. — Congelation fatal to Fish 
— and to Animal Life in general. 

Water, like most other bodies, contracts as it cools, its volume 
diminishing about a four thonsandth part for every degree of 
Fahrenheit's scale. This change, however, takes place only 
within certain limits, the law of dilatation and contraction losing 
its force near the temperatures which induce change of state. 
Water, therefore, contracts down to 39"*o, or, according to some, 
3i)°-34, at which temperature it has attained its greatest density 
and contracts no more, but sinks to the bottom if. the water 
beneath it be less cold. Hence in deep lakes the bottom is 
invariably at the temperature of 39°"5. In summer the tempe- 
rature of such lakes decreases downwards ; in winter it increases 
in the same direction, and no ice can be formed on it till all the 
water in the lake shall have been reduced to the temperature of 
greatest density. Very deep lakes, therefore, may remain un- 
frozen, and water at the temperature of 39°'5 may flow from a 
lake frozen at its surface. 

Such is the process of congelation in freshwater ; in the sea it 
is more complicated, for salt water in congealing expels the salt, 
which offers a certain amount of resistance to the act of congela- 
tion ; the freezing-point, therefore, varies with the degree of 
saturation, and in the case of sea-water is about 28°'5. The ice 
of sea-water, if quite clean and free from brine on its surface or 
in its cavities, is perfectly fresh and purer than most of the water 
found in the natural state on land. By melting sea-ice and 
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recongealing it two or three times, an easy process in high lati- 
tudes, it may be completely freed from salt. Salt water does not 
dilate as its temperature sinks to the freezing-point, but con- 
tinues to contract below that point more or less according to its 
degree of saturation, so that its temperature at its greatest den- 
sity in the fluid state cannot be easily determined. Its congela- 
tion, like that of fresh water, is attended with a sudden and very 
powerful expansion. 

The greatest thickness attainable by ice, or the depth to wliich 
frost can penetrate in the sea, does not seem to be perfectly ascer^ 
tained. 20 feet is stated by Pouillet to be the greatest known 
thickness of ice ; but Scoresby and Dr. Kane, both well 
acquainted with the ice of the arctic regions, allow it a thickness 
of only 10 feet. We may be assured that ice 20 feet in thick- 
ness cannot be the production of a winter's cold on the surface 
of water, but may be the result of sheets of ice thrown one npon 
another, or it might be to some extent glacier-ice formed by the 
accumulation of snow on sheet-ice. AVe arc told of ice-cliffs 300 
or more feet high, and extending for hundreds of miles. If they 
do not conceal land, of which there is often no symptom, bow- 
could they have originated unless by the heaping of ages of 
snow on ice ? Tims they are to be regarded as sea-borne glaciers, 
perpetually wasted beneath and restored from above. 

The st'a must have fallen to the temperature of 2(>° or 27° 
before its congelation commences. The thin irregular flakes 
first fonned on it are by the sailor calletl " sludge.** TN'hen 
compact enough to hold snow, they are named " brash." 
Gathered into roundish masses they become pancako-iee ; then 
come floes and hunnnocks, or protuberant masses of various sizes. 
FioUl-ice may have great extent ; pack-ice presents a group of 
various character ; and tinally the iceberg, or mountain of ice, is 
most formidable in aiipearance. But the greatest danger to be 
apprehended by the seaman is that of being surrounded by lieavv 
field- or jiack-ice, wlien, it' his ship escapes being crushed, it may 
drift with the ice a thousand miles from its destination. Tlie 
risk of collision with icebergs is very serious ; but they are dan- 
gerous even at a distance. I:>eveu eighths, at least, of the whole 
mass is uuder water, antl U constantly washed by tlie salt water 




which attacks the ioe ; consequently by loss of substance the 
centre of gravity of icebergs changes jilace, and they often 
tumble over, causing great disturbance iu the sea around. Ice- 
bergs may be met with covering an area of some square miles, 
and with a height of 300 or 400, or eyen, in the south polar 
sea9, of 1000 feet ; and in the lower latitudes of thtiir occur- 
rence nothing is more remarkable than the excessive cold that 
proceeds from them. It ia said that at the distance of 7 
miles tbey depress the temperature of the sea 10° or 15°. This 
can be explained only by the chemical action of the salt water 
on the ice. AbovOj whore melted by the sun, the iceberg haa 
only the ordinary temperature of ice ; bt-low, wIiltc the fialt 
atta.cks it without heat, it may bo 20° lower. European meteor- 
ologists have not yet discovered the cause of the sudden fall 
of temperature that frequently occurs in the second woek of 
May* la not this about the time of the maximum discharge of 
ice froni the Polar Sea, and passage of icebergs fbrongU the 
Northern Atlantic Ocean? 

In the northern hemisphere Greenland is the great nursery of 
icebergs. Of the land round the south pole, which is doubtless 
quite as prolitic of ice, we know little. Greenland, with an area 
of perhaps a million square miles, is anialand or gnnip of islands 
completely covered or Iwund together by ice and snow. Its 
mountains, so far as known, have a height of 6000 feet ; ita 
valleys are all filled M'ith glaciers, or the compressed snow of 
ages. These glaciers, resembling frozen riverSj move down 
slowly to the sea ; they may advance into it two or three miles ; 
but ice being lighter than wiiter, and glaeier-icc the lightest of 
all, the surging sea, often trying to lift it, at length breaks it off, 
and the iceberg is launchedy or, in seamen's language, it ia 
calved. From Greenland alone probably not fewer than 400 
great icebergs annually descend into the Atlantic j but here, it 
must be confessed, statistical details are failing. 

Tlie limits of the winter ice round the north pnlc may be thn3 
sketched. From the southern extremity of Greenland the ice 
extends without interruption along its Wtstem coast and to tho 
island of Jan Maycu ; then cutting the meridian of Greenwich in 
about lat. 71°, and running N.E. for 150 or 200 miles, it runs 
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northwards and leavos clear the sea known aa Wtnle Biiy, ex- 
tcndling up to lut. 77° K., and in summer to lat. 80°. At tiniys 
ships can go up along the wostem coast of Spitzbergen, aiid oven 
reach the most northern point of that land. From the south- 
eastern end of Spitzbergen tho ico strikoB off' to Novav:i Zcmlya 
and the coasts of Siberia. Those coasts are L-ncumbered with ica 
at all aoasouB ; open &ea^ or^ as the Russians call it, a polinja, 
may indeed be seen beyond the ico, but nothing is known of its 
extfnt. North of the American continent ice is abundant ; and 
though there are some open channels between tho islands, their 
freedom from ice is not assm-ed but raerelj- accidental. In short 
it may be &tjitcd without any material error that the domain of 
ico is bounded in the northern hemisphere by the 75th parallel of 
latitude ; for though open water may be found north of that lino 
on the side of Iceland and the Atlantic, ico extends much further 
south of it on the side of Bebring's Stmts. "When it was an- 
nounced by Brewster that there were in tho north two poles of 
cold (one in Siberia^ and tlie other a little north of the American 
continent), it was assumed that between those poles, or at tho 
north pole of the globe, might be found a temperate climate j 
but this delusion has been dispelled by the careful inreetigationB 
of Dovej who concludes that there can bo little remission of 
rigour in any part of the elliptical tract which connects ocroaa 
the polo the points of lowest temperature. 

The southern pole is still more unapproachable. Sir Jamea 
Hoss svn& singularly fortunate in being able to reach the laiitmde 
of 7S° S. There ho saw a barrier of ice apparently inunovablo ; 
but in general, in the southern ocean, even in summer^ it is dan- 
gerous to advance through tho ico beyond the 70th parallel. 
Aa to tho winter limits of the southern ice nothing ie known. 

leebprgs sometimes rnu aground on the banks of Newfound- 
land in 120 or 130 fathoms, and frequently deiicend to lat. 42°. 
OcciL'^ionally they go much further, and, driven about by wind 
and currents, wrecks of grpat icebergs have Iiepn seen in' tho 
wami sea near Havana (lat. 24" N.). Icebergs from the sunlh 
have been mpt with OS low down as 36'^Lit, in the Indian Ocean, 
They sometimes reach the mouth of tlie I.a Plat.i (lat. 37° S.). 
Icebergs, while drifting ■with tho current, often spin round, some- 
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fciinps rapidly, when so shaped that one half c&tchos tbo wind 
more than tbff othtT. 

Wlion th'C atniosphd'e sinks to a tenipcratiire 1k*1ow the trt^ezing- 
poiiit, ih.(i hiuntdity conlaincd in it, boing conjjpnled, cun be pre- 
eipxtaied only in tlirs f'onn of snow^ sloot, or hnU. It is probable 
that in hij>;b Istitucles miicb that lonves tbL' clouds as enow molts 
in de&cending, and reacbes the ground ns rain, Snow exliibita 
in a great variety of lorms (above n Ibonsand have bpL'n ob- 
Ecn'ed) tlie cbaracl eristic ciystallization of ico, tho clcmontary 
purticlos of iivbich Bi.'fm tobr boxagonalj uniting nt anwliis af 00" 
or 120" (fig. y9). The ramifications viaibJe In snow, however 
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■ varir-ing in other respects, are constant in tbeae angles. Scoresby 
has reduced nil tlic forms of snow to fivtj classes : — 1, tliin plntes, 
tho most beautiful and mnltil'onn lAnsa ; 2, ii CL^nti-al nucleus 

■ studded witb spicules j 3^ the eix-sidod (very rarely tbree-aidcd) 
prism ; 4^ sis-sided pj-ramids j 5, a prism with plates perpen- 
dicular to it at equal diatanees. The re;;ularity oi" snow -crystals 

B seema to attest their perfect freedom from disturbance during 
the proct!SS of congelation. Tlieir lightness and delicacy incroasca 
with tbo elevation from which they dcscciid. But it is linpossiblo 
to imagine the modifications of temperature, pressure, and coho- 
fiivo and electric attractions which bring about such a wonderful 
variety of synmietrical figures. AVo know not wbtitber tbo 
diffbrent forms of snow fall separately, or whether at one timo 
and place several may ffdl together. Tbo stutement that after a 
heavy full of snow ditlerent kinds of trees have been fuund to Ikj 
covered with diflereut forms of icc-crystnis, sccais hardly 
credible. Of fine snow 22, or even 24, volumes are required to 
give one of water. The density of water to that of snow is 
generally assumed cm tho continent to be as 14 to 1. This esti- 
mate may perhaps bo founded in some degree on uxperimeuta 
made with snow from the High AJps. English met^'orologistg 

;2 
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assume that water is to snow in density as 10 to 1. The red and 
green snow occasionally met with arc ordinan* snow coloured by 
a minute organism {Frotococeus) like the pollen of a flower. 

It is impossible to fix with precision the geographical limits 
within which, at the level of the sea, snow may occasionally fall. 
Snow is veTV seldom seen at Gibraltar or on the southern coasts 
of Spain. In Southeni Italy, at the level of the sea, it is less 
rare, and has fallen heavily at times at Naples and Palenno. In 
Greece it seldom reaches the plains, bnt covers the mountains at 
the height of GOOO feet. Further eastward the snow-line bends 
to the north, owing to the increasing dn.-ness of the climate ; yet 
occasionally storms from the north bury in deep snow the warm 
plains of Southern Europe. In January- 1850 they even reached 
Africa ; snow fell heavily at Ghadamcs and Sokna, far within 
the desert south of Tripoli. The flat roofs of the houses fell in 
from its weight, and ice an inch thick was formed at Morzok, in 
lat. 2(P N., in the land of the date-palm. Thus it appears that 
though snow is extremely rare so far south as the 30th parallel, 
which is generally assigned as its limit in Europe, it yet may go 
far beyond it. On the Xorthern Atlantic Ocean the limit recedes 
to lat. 45° X. ; in the United States it is fixed at about the 33rd 
parallel. On the western side of Korth America, owing to the 
extreme dryness of the climate, it is found at the 47th, and on 
the shores of the Pacific at the 40th parallel. 

Snow lying in loose heaps, confining a great quantity of air, 
is a verj- bad conductor of heat, and consequently protects from 
frost the ground it covers. Farmers are justified in their dislike 
of black {i.e. snowloss) frosts. A covering of snow prevents the 
penetration of frost from without and the radiation of terrestrial 
heat from within, so that there may be a ditl'ereuce of 40° be- 
tween the temperature of the ground and that of the surface of 
the snow above it. On temperature alone it depends whether 
snow may fall ; but its abundance requires the union of low teni- 
pf-rature with linniid skies. Of tliis union there seem to be few 
examples in the northern hemisphere. In Xorthern Siberia the 
.«now is rarely deeji ; the reindeer can always find moss on the 
tundra?;, a. id every burau or snow-storm lifts all the snow from 
the ground, and leaves bare new feeding-grounds, while it covers 
np the old ones. In the southern hemisphere it is almost per- 
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petual in latitudes corresponding to those of central Scotland ; and 
on the western side of South America, south of Chiloe, it falls in 
immense quantities, evidently not owing to the rigour of the 
climate, hut to the fact that, even at freezing-point, the air ia 
always loaded with humidity. 

In all latitudes snow may fall at great elevations. Perpetual 
snow is the name given to the frozen covering of mountains, 
which, rising above the level of congelation, receive from time 
to time snow enougli to make good the waste occasioned by eva- 
poration. Thus the snowy covering is perpetual, while the snow 
itself is evanescent. Nor is there any reason for believing that 
the accumulations of snow formed above the line of congelation 
go on continually increasing or are ever very considerable. 
Limits are set to their growth by the increasing drj-ness of the 
atmosphere higher up, attended by greater loss from evaporation 
with a less supply of snow. Indeed it may be snspected that 
the snow-liko covering of the highest sunmiits (as, for example, 
that of Moimt Everest in the Him&laya) is supplied chiefly by 
the frozen evaporation of the snow-fields lower down. 

It is not easy to determine with precision tlio limits of altitude 
within which snow may fall in tro[)ical countries. In cqainoetial 
America Humboldt never saw it fall at an elevation less than 
11,000 feet. In Mexico, in lat. 19° N., heavy showers of snow 
are not unusual at the height of 7000 feet. In Bolivia, on the 
other hand, at the same distance southwards from the equator, it 
rarely occurs below the height of 12,000 feet. The limit of 
perpetual snow, however, or the line above which snow is always 
to be found, though depending on several conditions variously 
combined and regulated by no simple law, is much better 
known. The following Table of observed heiglits of the snow- 
line will sufficiently illustrate its modified regularity. 

Altitude of 
perpetual snow 
Lat above sea. 

o / feet 

S.W. point of Spitzbei^en 78 N 

North Greenlana 75 2345 

Bear Island 74 30 .... 600 

Mageroe ) { 2:i42 

a ^'--'' '««> ■■•• v^ 

Talvig ) ( 3477 
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Sulitelma, Lapland 

Iceland, Osteryokul 

Moimtains of ILodals "^ 

Between Lyster and Yastedal 

At Urland "Fiord >Norway . 

FUlefield 

Folge fonden fyeld J 

Northern Ural 

Shevelutch, Kamchatka 

Unalashka 

Altai 

liHethpiprfvpiti!, Carpathians 

AIM 

fek}c«<«»«- ,.• 

I'^T6Tlf^eA 

Rtickj Mountains 

Apennines, Gran Sasao 

Ararat 

ArRffiuB, Aaia Minor 

Bolor 

Etna 

Sierra Nevada, Spain 

Toluca I 

Nevado Iztaccihuatl } Mexico 

Popocjiii^pell ) 

Alws.'^imaii AfriuntHJiis 

fiierra Nevftfla de Merida 

Tolima 

Puraco 

Novadofl, near Quito 

Andes 

ni"w^**l Eastern Cordillera of Bolivia 

Inchocayo 1 

Arequipa I 

Chipecani i-Westem Cordillera of Bolivia 

Sajnma 

Paachata J 

Portillo I 

Coast Cordillera f 

Straits of Magelhaens 

Hindu Khush 

,,. ., 1 Northern slope 

I^^'^'^'^y*] Southern Blono 
Kamkorum, Southern Tioet 

„ Northern Tibet, Turkistan , . 
Oauri Sankar, Western Tibet 

„ enow-liniit, Western slopes 

„ „ Northern slopes 
Louche pass 

„ Northern slopes 

., Southern slopes 
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Altitude of 


perpetual saow 
Lat/ above sea. 
o-^, feet. 




3836 


66 - 


~«370 




r6420 




6329 


61 


6183 




5577 




6249 


50 30 


4790 


601 


6249 


63 80 


3610 


60 


7034 


49 


8604 


46 


8884 


« ] 


11,063 


10,613 


42 46 


8060 


43 


12,467 


42 30 


9621 


40 


14,166 


38 30 


10,703 


37 30 


17,011 


87 30 


9530 


37 


11,187 




14,676 


1» 


14,737 




14,970 


13 ..■^... 


14,001 


8 


14,928 


6 


15,312 


2 30 


15,308 





15,826 


1 8 


16,794 


14 30 


10,24'i 


10 45 


16,010 


16 


16,840 


16 


17,716 


17 45 


18,346 


18 


19,430 


18 


20,079 


33 


14,708 


42 30 


0010 


53 30 


3007 


34 30 


12,970 


SO 30 { 


10,024 
12,079 





10,400 





18,600 


23 5N. 







18,066 





18,010 


34 14 




, , , . 


10,400 





17,000 
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From this U will t>6 seen tliiit about iho equator, or a littlo to 
tbo north of the equinoctial Uuo in Ajnorica^ tho eno'^r-lme re- 
mains uniform for sonie degroes, and sinks slowly towartls tJio 
it)rth. In the aouthorn hcmispherej on tho gtbor hand^nndeape- 
Lcinlly in the Eastern Cordillera of Bolivia, it rises considerablj^ 
in consequence, not oi" increased temperature, but of deficient 
hnmiditj. Tho linb of perpetual snow is raided by li'K^ tompe- 
raturo, but at the same time is liable to bo lowered by tho iibttn- 
dant Tapoura and precipitation that accompany hent. Its height, 
tliereforej depeufls not more on temperature thfin on tho dryness 
of the air; and by the combination of these two conditions ita 
position is dotermiuedn Hunce in the? Himftljiya tho snow-line 
rises towards the west and north, and is highest on tho northern 
aide of tlie mountains, because in those directions humidity de- 
creases. For the same reason it rises in tho Peruvian Andes as 
it recedes from the equator, on tho \vest*.'raor leeward Cordillera. 
Again, the snow-lino is higher in Kamehatka than in Unalashka, 
on the north-western coast of Amorieaj where the climate is much 
milder j but hmnidily and therefore snow are abundant at the 
latter place, while they are scanty in Kamchatka. In like 
manner Bwar Island, with a. less rigorona winter than North 
Greenland in BatKn'a Bay, has nevortholess a more copiQUa 
supply of anow than tho latter, and therefore a lower snow-line. 
Tho comparative lowneas of tho snow-line in Southern Chili and 
hence to Magellan's Straits, near which, in lut. 45*S., it falls nearly 
to the level of tho sea, is to bo ascribed not so much to low tem- 
perature as to the almost incesf^ant precipitation of snow. And 
hero it may bo remarked that the lino of perpetnal snow, though 
frequently called tho line of congelation, is different from, and 
always higher than, tho latter ; for though enow when fresh 
may be taken to mark a certain temperature, yet it is wosted 
by evaporation at all temperatures ; so that the Iruo lino of per- 
petual snow lies somewhat above the line of congelation and at 
a temperatiiro below tlie freezing-point, the diflerenco varying 
from 2°'3 Fahr. to 1 2° accoriling to the latitude and exposuro to 
drj-ing winds. In the Alps tho temporaturo of the snow-line 
in snramer is about 25° Fahr., in Norway 24^, 

Water when frozen loses its valuable profiertiea aa a moderator 
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of temperature ; ice may become iiiteiisely cold, and it greatlj 
impedes the return of teat. Tlie great difference ■nliicli exists 
lietween the cHmatcs of Siberia and of North America is traceable 
to the circnmstance that the latter country has proportionallj- a. 
miieli greater lentil of ice-bound coast, more cflTectually cut off 
from the great occotIt and nho a much greater expanse of Jakes. 
These Traters somewhat retard tlie advance of winter cold; that is of 
littlo TaluG ; but TV'hen spring returns^ the tenipernture of the 
air cannot rise till the ice is all melted. An enomions quantity 
of heat must be consmaed to restore fluidity to the lakes and 
adjacent seas; and till that Is completely done winter still re- 
mains. Hence Siberia has tlie advantage of an early spring ; it 
feels severer cold and also greater stumuer heat ; but in the speed 
with which it gets rid of winter and enters on the enjoyment of 
a long spring it has a great advantage. 

It is evident that wherever congelation is perpetnal, as in the 
frozen ground of Siberia and North America, ice may be regarded 
as ft rock, which differs from other rocks chiefly in melting at a 
much lower temperature. In such climates, houses, good for 
nine month."* of the year, may be easily built of snow, converted 
into ioe by pressure. A remarkable proof of the applicability of 
ice to such purposes was exhibited in the ice-palace built at St. 
Petersburg in 1740, by command of the Empress Anna* It was 
53 feet long, 17 wide, and 20 high, roofed with ico. In front of 
it were planted six pieces of camion, lVpounder»j all of ice, turned 
in the lathe, and from which Iwdls of oakmn were fired without 
buff-ting them. Snow huts are the ordinary habitations of the 
northern tribes in America and Af^ia. With fresh snow heaped 
romad them they are comparatively warm, afford good sbelterj 
though under cup uncomfortable condition — namely, that no fires 
be lighted in thein. 

The existenoo of what is called ground-ico was long doubted ; 
lint careful observation Baa established the fact that at the bottom 
of rivers, lakes, or other shallow waters ice is often fonncd before 
it begins to appear at the surface. It may be presumed in these 
eases that the ground is colder than the water ; but the circum- 
stance that seems to give to tlie bottom of the river the priority 
iu congelation is, that there, under the edge of stones, and averted 
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from the curreDt, may be found at once tlio vihmtion nml tlio 
perfect shelter required for tlio formation of tlio first crystnlc. 
The ground-ice thus formed grows m vertiotd flukt'S, gruii|peil to- 
;xt'(her so us to resenihlc some kinds of sponge. I{. often lirrsiks 
off and floats on thr surface, where it promoteis con^rhition. Tii 
harbours on the shores of the Bnltic i?ea large fjfones, loiies, irnn 
chains, and even anehurs lutve ocfiisionally been rai*4Hl to the sur- 
face by the luxiiriunt growth of the groimd-ico attached ta thenu 

Tho freezing of rivers nnd hikes pwnerally begins iit the sidoK, 
the first erviitals being formed at the sheltrrinn; ed^e of some 
stone, and the ice spreading thence in horizontal flnkps of a thick- 
ness depemling on the tfni|K'riilure. But if tlie cuhl increases 
tiie ice thereby ndded underneath it is formed i]t crystnlfi [jcrijcn- 
dicular to ^e ice that already covers tlie surface. Wheri'ver, 
therefore, the ice continues through tbe whole winter, the upper 
or horizontal and, it may tjr added, the binding stratum i.t sooner 
OF later worn or wrLsted away, leaving behind it the nocondary 
growth of totally different structure and Itrenking easily in a T(t- 
tieul direction. Plence on tho Nova and other such river.s u 
dangerous condition of the ice, when a cane may be easily thruHt 
through it, precedes for some time its breaking up. 

To the animal creation, polar bears excejib'd, which live not »o 
much on the land as on the lee^, cong4'Iation seems to lx» an un- 
mitigated calamity. The fishermen of tJjo river Obi say tlmt 
immense qnantitiea of fine fish die under the ice of that gi-vjil 
river, poisoned they ijclievc by mephitic vapntirs. In truthj (he 
ice, while it excludes fresh air and oxygen, prevents tJio e8Cii|iii 
of the carbonic acid gas genenitetl heiifath it. Tlie f<tre:im» on 
the eafitom side of Siberia^ which fall into tbe j^ea of OkJicjtjik, 
have generally a rapid conr."!**, so tliat th«?y aro conijfletidy dis- 
charged and dry before th<^ winter ends. Whr-n thi- i<■^', there- 
forcj that covers them breaks and falls in, it disdo-ses nearly 
empty river-beds with dead fish lying in heaps for hundreds of 
miles. M. Erman, describing his journey down the course of (Jie 
Okhotay relates as follows : — ^" In all the flatter paria of thi' valley, 
where the river was more ehallow, there was an in»Hpporlablo 
smell of fisli in a state of putrefaction ; and on evcrv wide large 
salmon were to be seen just exposed to view by the melting of 
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the snow. On the gravel banks at the waterside they were 
strewed as thick as possible, and on the islands, which are over- 
flowed in snmmer, thej lay in heaps one upon the other. .... 
The drivers (of the dog-sledges) took from this inexhanstible 
store some of the better preserved fish, ^ feet or more in length, 
to throw to the dogs at night." These fish were nearly all salmon 
of two varieties, \-iz. the Sahno lagocephalus (hare-headed) and S, 
collaris (or malma). 

In the Altai Moimtains deer perish in multitudes as often as 
their egress from the sequestered valleys is prevented by deep 
snow fallen in the mountain-passes. It is related by the missio- 
nary M. Hue that, on his journey from China ix) Tibet, he descried 
a great river in a wide valley, and what appeared to him to be a 
numerous army encamped on its banks ; but on approaching 
nearer the supposed army proved to be composed of mj-riads of 
wild cattle intent on crossing the river. The leaders of the 
herds, however, were impeded by the new ice just forming and 
gathering before them, and could not get through. Behind them 
the other cattle hurried into the stream and crowded together, 
unable to advance. In the mean time congelation went on rapidly ; 
and when M. Hue reached the river, the cattle were all firmly- 
clasped by strong ice, and over them swept a dark cloud of birds 
of prey plucking their eyes out. 
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Mountains — ^their Importance! — loipreasioua made by them, — View &om the 
Siiramit of the AJpa. — Xligh Snow. — TlieOliaam. — TU*" Fira or "SHe. — 
DeptlL of Snow.— ^^^laciers — (JonditioiiB of their Formation — Primary 
said 3ecoadarj, — Mondneis. — GuiTer-linee. — Berucs, — Tstleg imd Vtiined 
Struoturs. — Dirt-bonds. — Number anil Size of Glaciera — their Move- 
moata^Variataon.— The CEtitlial group of Moontaina. 

lNnoxsir>EiiABt.K as the prntubernnces of the earth may appear 
in rehition to its gLncnil figure, their Bignific^tiee becomes mani- 
fest afl soon as thoy are compared with the height of the atmo- 
sphere ; for mountains often riso abovo the levol of tho clotids, 
and far above that portion of tho atmosphere in which the chief 
meteorological phenomena^ or those most direotly affecting tho 
inhabitants of the earth, fake pkc'e. It is aeceesary, therefore, 
to give attention not only to the distrihntion of tho lanJ^ but 
also to its elevation ; for land has the peculiarity of being far 
more susceptihlo of extreme temperatures thim the sea, and it 
m^iy also rise to Buch a height as to interfere with or completely 
divert from their course the denacr currents of the atmosphere. 

Few men are insensible to the charm of mountain-scenery. 
Mouutaina haniah monotony from tho earth's surface. Their 
outlines, gracofnl or fantastic, Ti\*idly traced on tho sky and 
their many tints mellowed by dlatancc, holding out the promise 
of bright light and wido prospect, engage tho imagination. The 
jndiA-idiirility of their forms makes a deep impression on the 
memory ; »(i that of all men mountaineers are most charactonzed 
by local attachmf^nt. They never forget nor lose thoir aScctioa 
for the well-marked features of their early homes. 

Tho iufluenoo of mountain!^, however, on human feelings d&- 
pends but little on their absolute m-T-gnitnio. The cyo is befit 
satisfied with what it can well embrace, and most frequently finds 
beauty where there Is nothing colossal. It is most gratified with 
mountain-scenery on a scale not so great ns to preclude the 
possibility of surveying its whole grandeur at once. But the 
physical influence of mountains, which is here tho proper subject 
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of consideration, bears in general some proportion to their 
altitude and extent. It cannot be experimentally situdie<l with- 
out toil and patience. The natural phenomena of hill and valley 
must be invotstigated from the base of the mountain, over rocks 
and glaciers to the highest point attainable above the limits of 
perpetual snow. In this ascent the hardy traveller has probably 
to pass through all the gradations of climate experienced between 
the equator and the poles. But the fruits of all this lalwur mav 
also be easily learned in an agreeable manner by combining the 
results arrived at by trustworthy observers ; and since the Alps, 
rising above the limits of perpetual snow and presenting all the 
essential characters of mountain nature, are also the mountains 
best known to us, a review of the physical phenomena observable 
on them from base to summit will furnish a text which, 
occasionally modified and completed by reference to other ele- 
vated ranges, will sufficiently reveal the physical importance of 
mountains in general. 

The Alps have, in respect to their sceneri-, this great advantage, 
that the cultivated valley and the snow-clad mountain there lie 
often side by side and may be seen close together. The amenitv 
of the one and the stem grandeur of the other arc thus rendered 
more striking by contrast. In the valleys at the feet of the Alps, 
at absolute elevations of from 1500 to 3000 feet, we see towns or 
villages picturesquely seated on the banks of lakes or of rivers, 
fed by lively streams from the surrounding heights. Com-fields, 
gardens, vineyards, spread or clustered round them, occupy 
every hollow in the hill-sides. Above these, to a height of 8(KK) 
feet or more, hang woods of chestnut, oak, beech, and fir. "Where 
the pine-trees cease, begin the elevated summer pastures, which, 
in the language of the Swiss jjcasimt, are proiwrly styled " the 
Alps." But high alwvo these again rise the reahns of snow, 
with numerous peaks and crests far above the ordinaiy- level 
of the clouds. Such is the summer aspect of Switzerland, — 
tranquil beauty in the foreground — and, around a varietl grandeur 
always impressive, often gloomy and austere. In winter hill 
and vale are alike covered with snow, and all take for a time the 
'character of the highlands. 

The region called the High Alps, which is iterpetually wrapt 
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in 8DDW, lins an c'xtcnt of 1484 square miles^ and presents evcry- 
Tvliore a. spectacle at once fiingulor and suhjiine^ — a boundless 
soIitu<]c with baro chirk rofka projecting boro and there from tbo 
gener.ll white Burlaco^ while snon- -covered crests and ridj^es rise 
eonfusedlj like the waves of a stormj sea. The clouds are seen 
fioatinjT Lolow • the clear sky overhead has taken « deep blue 
colour, while the neighbouring earth seems wrapped in g. pure 
white shroud. The peaks and rocks on a. level with the eye appear 
WQuderfully distinct, even,- ]ine and spot on them lienig visible 
at a great distance. And yi*t the prospect, instead of being 
enlarged^ hfis Ijecorae remarkably eircumscribed, the aeriiil ob- 
scurity increa-Hing much more than the width of the horkoii. 
To ono looking up from the valley, the mountain-peaks, the 
most distinct points in the prospect, qre also the most distinctly 
nifirfced and mo&t attractive. But from the elevated summit, on 
the other liand, the valley seems overshadowed and is dimly 
visible. The mota den^o and humid atmosphere bebw haiig3 
like a mist, screening from observation all beneath it, while it 
refli'Cts (ho glare of the sunbeams. The snowy wuste is less 
mouolouomj than might be expected. The grand scenery around, 
as well as the dilHculties and dangers of tho path across it, cbangfs 
at every step. The Inivellcr perceives that the aspect of tho 
snow at his feet continually alters as be ascL'uds or di'scemL*. But 
the transformations of snow between the summit and the base of 
the mouiitjun dej^ervc to be attentively studied. 

Let us supjpose, tiien, that we have reached one of theliighost 
summits in the Alps, tbat of Mont Blanc, 15,744 feet, or of Monto 
Eosaj L'?,151 fei't high. At such a heigbl tinow falls nin'ly, rain 
proktbly never. At an iiltjtudo exceeding 1 1^000 feet snow 
ceases on the Alps to fall in flakes, and appears only in the form 
of spicules or needles nnd in small statSy wbich grow lighter ard 
more minute tliL- higher we ascend. But though the highest 
Emnmit>4 of the AI[>s are little subjt'ct to precipitation of rain or 
snow, the clouds ocaisionally rise above them ; and doubtless tho 
points thu:? wrapped in a saturated atmosphere attract nnd retain 
a portion of the congealed humidity, dej^osited probably in a 
form re-sembling that of hoar-frost. It moy bo conjectured that 
all peaks rising far abovo the ordinary height of the clouds owe 
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their snow-like covering chiefly to the evaporation from the 
snow-fields below them, the vapour being carried up by the 
daily ascending currents, and there, after the quick transit of 
noontide heat, congealed about the summit. Hence it may be 
dou1>tcd whether the frozen covering of the highest points be 
not thicker in summer than in winter. 

This fine snow is extremely dry and easily breaks into snow- 
dust which fills every crence. It is dry, not because it remains 
nnaflfected by the sun's rays, but because evaporation in the 
rarefied atmosphere is so active as to remove instantaneously all 
aqueous vapour. This extremely fine and dry snow near the 
summit is distinguished by its dazzling whiteness, due partly to 
its minuteness and dryness, and partly to the intensity of light 
in the attenuated atmosphere at great altitudes. Green glasses 
or wire gauze to defend the eyes become necessary at the height 
of 10,500 feet. At 10,000 feet the want of them is hardly felt. 

The fine snow about the summit generally forms a hard even 
crust without furrow or irregularity ; but at the base of the 
crest, where the valley begins to open, there occurs not nn- 
freqnently a deep gap or rent in tlie snow, called by the moun- 
taineers " Bergschrunde" (mountain-chasm). This line of weak 
adhesion seems to separate the region of dry snow-dust on tho 
one hand from the extensive fields of deep snow on the other. 
It was in a crack or chasm of this sort that M. Hugi, when 
ascending ilonte Bosa in 1829, spent the night, at an elevation 
of 10,358 feet. It was 60 feet deep and 60 wide at the top, but 
narrowing downwards to 30 feet, and at one end led into ice- 
caves of apparently immeasurable extent. Beneath the drj* snow 
there is no ice. Near hare projecting rocks, the radiation from 
which, when they are heatetl by the sun, melts the snow around 
them, pools of water are often fonned and soon after congealtKl 
into transparent ice. But this, near the summit of the mountain, 
is a comparatively rare phenomenon. Lower down, where there 
is more humidity, the water makes its way through the snow, 
and forms beneath it a layer of ice, which grows thicker as the 
elevation diminishes. In the snow that covers that ice cracks 
or crevict'S are lre([Ui'nt, most of tlu-m only a few feet wide, so 
that they may be leaj>ed over or else bridged with a plank ; but 
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occasionally they are found with a width of 40 or even 100 feet. 
They originate for the most part in the underlying ice, being 
cjmst'd liy rack,s or changes in the conKguration of the ground 
over which the ivholo mass moves. Over convex ground thoir 
widls diverge upwards. When tJie ground is concave or sinks 
into a hollow, the crevices converge towards the surfaw, hcing 
narrow at top and wide at bottom ; these latter are deemed the 
most danjnrerous, beintf often concealed by fresh snow unable to 
support tho incautioua traveller, who thus falls througli it iutotbo 
abysff. 

As we descend, the enow gradually loses its pure, dazzling 
whiteness, growing bhiiab and stained by the dnat carried np by 
the wind. It also asaunies a granular textare, tho grain when 
divided showing an icy kernel and a snowy rind, as if it were tho 
produce of a enow-star collap'sod into a globnlc, and then frozen 
and increased by the congelation of the ambient vapour. The 
granular structure grows continually coarser lower down. At 
the height of about iHX)0 feet the grains have the siae of hemp- 
seed, and the " Firn" (us the Swiss call the grannlar snow) softena 
a little by day, and is at night frozen into clusters. The trans- 
formation of enow into fim eeeras to require a year, tho increase 
of the grains in descending being dno to the increasing abundance 
of iiqueoTis rapour condensed on tbeir surface. Thus it appears 
thatin thewhole .snow-field of the High Alps, from their suramita 
down, to the glaciers^ wo may distiiiguif^h three zones, viz. the 
high snow, the firn (in the French cantons cidled nevt^), ulid tho 
lower snow. By some the fim is divided into two or three zones ; 
but tho truth is that the change from minute and drj- snoAV to 
firn and then to anow-flakcs takes place grndnally, so that ■nith 
continual change of character there is no well-marked lino of 
separation. The lower enow occupies a narrow zone, correspon- 
ding to about 50 feet of vertical height, between the fim and tho 
lowest snow-llniits. 

Snow falls most nhundanfly at tho level of the clouds, or be- 
tween the altitudes (in tlio Alps) of 6000 and 0000 feet. Its 
greatest accmuuhttion is at the latter height. The average annual 
fall, varj-ing much in different situations, may be assumed to bo 
about 40 feetj which shrinks in a short time to 15 feet. Tho 
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daily and separtitC' fulls may he about 2 or 3 feet, quickly roduced to 
from 10 to 3 inches. Snow is wasted, even at a low temperature 
of the air, not merely by evaporation, bat also by the heat arisiiig 
from the pressnro of ifc^ weight and of the wind, which melts it 
in the part most compressed and whither the fluid tends— that ia, 
at th(^ hott-om. The %vatj.^r thus mixed in small proportion with 
deep snow, soon congeals ; and it is obvious that the ice under- 
lying the ndvc or snow-field must continually increase iu thick- 
ness towards the lower limits of the latter. Deep crevices in the 
enow often lay bare its icy fonudations. Crevices have been 
Eonnded to a depth of 200 feet. One instance is recorded of 
an ascertained accumulation of snow and ice to a depth of 700 
feet ; and welt-founded conjecture assigns 15(M) feet as the vertical 
measure of the congealed mass which fills up certain great valleys. 
The ?now on the summit of Monte Rosa is supposed to hare a 
depth of 10 feet, increasing dowmvard* to l-S or 20 at 10,500 
feet There i& probably no ice beneath the snow on the Alpine 
summits ; hut below the altitude of 11,000 feet the icy foundation 
iucreaiies rapidlv and approaches nearer the surface, till at the 
lower limit of Uie firn it comes forth as a glacier. 

The frozen covering of the High Alps, though apparently strong 
and able to bear the trend of the traveller or hunter^ yet possesses 
but a qualified solidity. At its lower limit alone it is sure to 
meet with thu temperature that melts it ; but it is everywhere' 
liable to be temjhorarily relaxed by the heat of compression or of 
tlie solar rays. It undergoes incessant metiimorphosis, generally 
implying loss of volume. The snow ohangeiS into granular firn, 
the firn into ice, which contracts with increasing cold, though, 
by tlie C03ige!ation of water trickling throiigh it, the whole mass 
may he forced to expand. Tlie surface of the snow-field is rivon 
by cracks or crences, ma^'t numerous where the declivity is 
steep, the ground uneven, and the underl\-iug ice thick. Their 
continual change, closing and reopening, shows how the mOSS 
is affecteil by and yields to pressure. Tlie con^efjuentx? Js 
that tlie snow or ice moves down^\ard unceasingly, its motion 
respmbling, in all but its slowniesa, that of a river. It was justly 
ohscTved of glacier-ifM^ by Sir. E. Forties, that it seems to unite 
the rigidity of a solid to the flexibility of a floitl. Sqow com- 




pressed becomes ice ; ice is fragile, but when broken to plecos 
it easily (if moist) reuiiit«B again, its kmiperature being stiJ] 
tliat of congelation. Thus the semblance of fluid nature obser- 
vable in ice is due to its fragility ; for it evados resi.*tance by 
breaking to pieces, and flows down tho declivity, not uniforudy 
and iu atoms, but fitfully and in fragments. Thonj again, left 
to uniform pressure, it reunites and consolidates. 

The indispensable couditiona of a glacier, or of a con-stant 
stream of ioo lielow tho limits of constant congelation, are :— 
1st, accumulation of snoWj, which cannot be ineltt'd aiid_cailifid 
oif in a, f3uid stat« at the height -^'hero it fhlls. ~SucE^ceumulaO 
C^on can take place only where the ^mm&r is short, the winter"^ 

long, and thi? prt^cipitation copious. It is necessary also that th« 
- water bo rotamed, which rarely happens on limeatonc. 2ndly, a 
moderate declivity of the snow-iields, so that they may not be 
exhiiustcd by a too rapid discharge ; and, 3rd!y, the snow-basin 
or reservoir must be hemmed in by ridgeis, so as to coiiHue the 
efflux to a comparatively narrow channel. Through this it must 
descend to a warmer region in the sanae manner as a river ; and 
if the ^csc^r^•oir or snow-tields above be sntficiently ample, so that 
the accumulations of "winter faliy ctjual the waste of suuiaier, the 
glacier may remain nearly constant. Tho spacious basins which 
servo as reservoirs for the snow occm' most frequently in moun- 
tains of granitic or crystalline formation, such a:^ predominate in 
tlio Swisa Alps. In liinestone-mountaiua the hollows are gene- 
rally narrow, the summits exiensiivu plains, the roek crat-kcd 
throughout so as to drain the surface, and the slopes precipitous. 
Volcanic cones, such as those which in the Andes so frequently 
rise above the limits of snow, ars too steep to retain the snow 
long, and too nnifortu in shape to impede its descL-ufc in any 
direction, so that it spreads rapidly and widely below tho line of 
congehitiouj and disappears without forming a glacier. 

The stream of ice which, occupying a main valley, ctmnects the 
snows of tho summit with the fertile plains is called a primary 
glacier ; it receives in its course many tributaries, or ico-,'<trt^ams, 
from lateral vallevs. These secondary glaciers^ as i hey are called, 
dlft'er i'roni the primary, not only by inferior length and magni- 
tude, but alio, in general, by greater stt^opuess and abrupt 
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irrognlaritr ; they are the torrents, aa it were, which feed the 
ioe-rivLT. Manj of them do dot reach so far dowii as to meet 
their primarv ; bnt their ice accnmiibtes at certain points till 
it breaks ofl', and falls with the noise of thunder, and iu a thonafmd 
fragmentflj on the glacier below. 

As the ice descends, pressed on by the weight of the con- 
stantly increasing mass in the rDar^ it hns to encounter the fric- 
tion of the grotind and of the rocks on both eides. It moves 
faster, therefore^ where least hindered — that is to say, at the lop 
and in tho middle. Consequently tho glacier, viewed in its trans- 
verse section, is convex or highest in the middle of the stream ; 
and all the undnlations marking its surface are most proiuinent 
on the line of that eonvexitj" and point down tho stream. Bat 
the line of greatest oonveiity is not strictly and constantly iu the 
middle of the e^tream. As a rapid river, rebounding from one of 
its batiks, rushes on till it strikes the other and never confines 
ita strength exactly to the middle line between them, so tho 
glacier at every turn of its bed shows itself alow to change ila 
direction j and the lino of its greatest convexity always leans to 
the lower end of tho concave side at every turning of the bed. 
Stones and even rocks of large size lie strewed over it, torn away 
from the sides of tho valley by the pressure of the ice ; while 
many aljso have fallen from peaks and ridges at great heightSi 
where the rocks aro spilt by the congelation of the water which 
has penetrated their fissures. ^m 

As the eiposed ico rapidly wears away, while the glacier, fed ^^| 
from above, still maintains its height undiminished, stones which 
have sank iu It, or fallen into hollows^ sooner or kter come to 
the surface, the convexity of which and the constant change of 
substunco Again throws them to the side, *here, for ob^'ious 
reasons, loose stones are, in tho first instance, most nnmcrous. 
The Swiss peafiants believe that the glaciers have the power of 
purifying them^lves by expelling all foreign (i. e. nil unnielting^J 
bodies ; but this apparent power is merely tho consequence 
the general wasting of the mass, while the pressure from Ijehind, 
keeping it at a nearly constant height, conceals its diminution. 
Every glacier at ita first fonnatiou drives down n momid of 
stones, which is subsequently increased by all that descend to iU 
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termination in the course of ages (see tlio Frontispiecf). Hiese 
aecumuliitions of stones arc called ^fm•ui^ef, that in front of tho 
glacier being the terminal moraine, those on its sides tlio lateral 
moraines, or gufiyr-lincsCguffer'' mcang rubble). Butasuearlj^ 
evpry glacier has its own moraines, those of the secondary glaciora 
are earfied down to the priiiiarj' and mark on tlie body of tlio 
united streani tho boundaries of its component members. Thus 
the gresvt ghcier has ordinarily as many gnfler-liuea as tributa- 
riea ; and these^ coming from difftrent quarters, arc ofte^n formed 
of totally different kinds of rock, digtingiiislinbic at a distance 
by tlieir sbapo and eolutir ; but they are all thrown together in 
the terminal moraine. Tliere the mineralogist may find speci- 
mens from all tlie rocky crests within tho basin of the glacier, 
and may point out the locality from which each has descended. 

Moraines vary much in charaeter and magnitude. A few 
glaciers have gutfer-lines of gravel, or oven none at all ; wliilii tho 
most numerous class that force their passage do^Mi rocky slopes 
termiuato in huge piles 50 or 100 feet high, and formed to Bomo 
extent of rocks of great size. They look like rude walls ^ais^.^d 
by some giimt power* When the glncitr, after a series of very 
warm or dry years, Iiappens to retreat^ stones nro strewed by it 
OTer the deserted ground, as the coimn en cement of a new 
moraine in the rear of that abandoned i but if it again adv:moea, 
these Jl^ew deposits aro all pushed forward and added to the old 
one. Throughout the valleys of Switzerland there remains every- 
where proofs that in former ages the glaciers advanced far 
beyond their present limits. Moraines of nnmeuse size with 
Bcratched and abraded rocks mark tlieir ancient course, and show 
that tho action anil influence of the glaciers once reached 2000 or 
evun 3000 feet above tho level of tho valleys now at their feet. 

Wliorever tho slope is moJoratc3 and tho valley uniform and 
direct, there the glacier presents a tolerably smooth surface, free 
from cracks and abrupt ridges ; but with steepness increases 
the disruption and disorder of the ice, the number of cracks and 
deep chasms. Glacier-ice cannot pass down a decHvity of more 
than 30° ^-ithout being complettdy shattered. Its fragments are 
^B then thrown into the wildest confusion — pillars, pyramids, and 
H towers of ice figure the rnins of Bomo greut city. Such nionu- 
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ments of Tiolence and conliisioii on the glaciers are called 
**" aeraca.*' If water flow anj^vhere on the surface of the ice it 
soon Trears itself a channel, and gathers strength as it runs, till 
at last it falls into some gnp in the ice, through which it works 
its way to the bottom. Thus the stream flows off, forming what 
is called" a mill." 

Stones, it has been stated, often fall from the hill-sides on the 
ice. Heated by the eon's rajs, they melt the ice Kjond them, 
and after a short time are seen to stand each in. the northern 
focus of a hollow ellipse, formed by the radiated heat of the stone. 
They may sink for a time, but as the ice wastes they come again 
to the surface- A flat stone, however, is more likely to protect 
than to melt the ice about it. Hence Titble», as they are called, 
or stones eaeh supported by a pillar of ice, are freqnent on the 
glaciel*s. In general, stones or dirt scattered on the ice tend to 
melt it ; bnt when they lie together so as to make a compact 
covering they screen and protect it. 

Among the characteristics of glacier-ice there is nothing more 
singular and strildng than the veined structure so often conspi- 
cuous on its surface. Its origin is not obvious ; and the attempt 
to explain it has called forth to little parpoae very divers© 
opinions. Mr. Forbes was undoubtedly in error when he stated 
his belief that " the veined structiu"o is not original" — that is to 
say, that it is not to be found in the ice at the origin of glaciers, 
but ^' owes iU existence at any moment to the conditiouij of 
varying velocity.'' Yet the dirt-bands, which are intimately 
connected with the veins, he was disposed to regard as *' the 
true annua! rings of the glacier," Others ascribe the veins to 
'■ ice-cascades ;" but bow regularity of structure can originato 
in disorderly fragments it is hard to understand. The most 
accepted doctrine U, that the structure in question is the result 
of comprcjision, .ind may be compared to the slaty stracture in 
rocks, which is supposed to be the result of a force cotupelliiig 
gurfixceg to slide one over the other in a certain direction. Bat 
this ingeiitons hjiiothcsis appears to be tot.illy inapplicable to the 
case uf finow, the band.s of which are certainly not formed by any 
eliding. The ]*iK-nomenon is distinctly marked, and when closely 
examined U fouud to depend on internal changes, which^ however 
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ui-Itrinatiiig, perfectly explain the appearance of the bands (aeo 
Frontispiece). 

Throughout the siTow-field horizontal j&tratifi cation is generally 
ohservahle, the strata or layers (from snccessive falls of snow) 
varying from three quarters of jtn inch to a foot in thieknegs, 
often separated by a thin line of dust, ami more plainly marked 
at those altitudes where the intermissions of snowfall are longer. 
Bnt it is impossible to trace any counexioa between the hori- 
zontal layers of snow or fim and the veined or banded etrnctu.ro 
of the ice. We see the glaciers marked transversely "n-ith alter- 
nate bine and white bands, varying tln-oughont in size and. di- 
stinctness, but tolerably uniform in any one place and often very 
regular. Close inspection discovers that the blue bands are pro- 
minent, being composed of transparent Ice, the cavities of which 
arc filled, with winter. In^the white hands it is easy to recog- 
nize the parous, opaquo ice formed of compressed snow and filled 
ivith air-bubbles. This is the air disengaged from water in con- 
gelation, and unablo to escape from tlso congealed mass. As :iip 
absorbs heat much more readily t.han water, the opnque ice melts 
under the sun's rays much faster than the hiunid and transparent 
ice. The latter, thereforoj stands forth in ridges, and, taking the 
hue of the water that permeates them, appears, in contrast with 
the dry> opaque ice, decidedly blue. 

Thus the veined appearance of the j^lacier is found to arise 
from the alternation in layers of dry and hutntd ice. The former, 
filled with air in its cavities and opaque, represents the original 
condition of glacier-ice. The air contained in them when heated 
enlargeis its cJianibers, till they communicate viith one another by 
capillary communications through the whole band, and become 
tilled with the water of the melted ice. Coloured fluid poured 
on the blue ice descends nt once to a great depth, and also spreads 
on the surface ; in tho white ice it sinks slowly and only to a 
depth of 8 or 10 foet. In short the former is permeable through- 
out, the latter is not so. But what has produced this change in 
the ice at regular intervals? Those who ascribe it to compres-, 
sion are entitled to insist on the circumstance that the bands 
being transverse on tlie glacier are at right angles to the pres- 
sure. Bat, on the other band, when they first appear at the 
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bead of Uie glacier, as yet unaffected by tbe impetos and acci- 
dents of tbe downward course, they stand in a Tertical position. 
There has been no sliding to produce lamination in the mass ; and, 
in the absence of lamination, why should the effects of pressure 
be exhibited at intervals, these inten'als again varying widely in 
the same material ? The bands stand vertically and in straight 
lines across the glacier at its origin ; but in descending they share 
in the general inflections of the ice, and thus assume new posi- 
tions. As the middle of the glacier moves most rapidly, the 
bands, at first vertical, lean more forward as they descend, and 
change at the surface from a transverse straight line to a pointed 
arch. The width and regularity of the bands seem to depend on 
the constitution and velocity of the ice-stream at the place where 
they originate. Humidity is essential for the display of the blue 
bands. Early in the morning they are not seen ; an hour's sun- 
shine renders them visible, and rain makes them vivid. They 
share in and render manifest all the disturbances of the ice ; 
and where this is thrown into disorder, the veined structure may 
be seen in everj' variety of position. 

As the white bands yield more to heat they are more worn 
donTi, and form hollows between the blue ridges. The surface of 
the glacier presents the appearance of waves running into a deep 
bay, becoming more bent the further they advance, the ridgea 
of the waves being blue, the furrows between them white. These 
farrows collect all the dust and dirt thrown on the glacier by 
stones falling from above or by winds from below. Thus tho 
dirt-bands of the glacier are a consequence and accompaniment 
of the veined structure. The Ogives, again, or Gothic arches, 
noted by some traA-ellors, seem to be but another view of the 
s;ime phenomenon. Tliov are all that can be seen of the banded 
structure from a considerable height and distance, when local 
and particular features have l>een lost sight of, and nothing can 
1)0 distinguished but the play of light and shade on the undulated 
surfaet". 

In till' Alps, from Savoy to the Tyrol inclusive, there are said 
to be r>0 primary glaciers and at least 100<> secondan-. Of the 
t'onntT cIji.-s the least has a length of three miles, while some, as 
the Aletsch, on the south side of the Finsteraarhom, extend to a 
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distance (tlic ndvd or firn-sea being included) of twelve miles. 
In widtli they vary from half a milo to a raWa and a hnlf. They 
nro ^enemlly steepest fit tho termiimtitm, whcro tbcy sonietimos 
have a height of 500 feet above the valloy. As to their depth, it 
does not ftdinlt of being estimated with anj precision ; but it nmy, 
with somo probability-, bo assumed to varj* from 100 to (500 t\'0t. 
The tormlnal moraines often attain a height of 100 feat, and form 
curved ridges ^-itli the concave side next tho glacier. Many 
glaciers, particularly on the BOuth side of tho Alps, do not 
descend below £*000 feet, but in general they go down to about 
50oO fopt, Tho great Aletach glacier de&cends 1000 feet lower, 
and that of the GrrindeJwald, tho lowest of all, comes at tba 
height of 3200 feet into the neighbourhood of corn-fields and 
gardens. 

The moyemont of glaciers is regulated chiefly by the steepness 
of the ground beneath them. Some of the largest make an angle 
of Ices than 3° with the horizon, and move forward slowly with- 
out fracture or disturbance. A fall of fl° canaea a rugged 
surface with numerous orevice.Sj, and one of 30' throws all into 
confusion and converts the stream of ico into a torrent of ioe 
fragments. Tho termination of the glacier is ordinarily its 
steepest part ; but the iee being tlien in a state of solution pre- 
sents a different appearance. The advanee of a glacier varies 
with tlie declivities of its coursej with its magnitude and aspect, 
and ivith the season. It is slowest in summer and raoat rapid 
in spring. Do Sansstire in 1788 left his scale behind hira 
near TAiguillo noir (nn Mont Blane)^ and in 1832 it arrived at 
tho Mer do Glace, a distance of 14,500 feut, in 44 years, thus 
descending at the rate of 330 feet in a yoar. M. Hugi, tJie most 
persevering of Alpine explorers, built in 1827 a hnt on tho 
glaciep of the Aar. In three years it had descended lOU, innino 
years 714, and in fourteen years 1428 metres. Ita rate was 
therefore 102 metres or 334 feet in a year. The ice has been in 
somo eases found to advance at the rate of 52 inches in the 24 
hours; but tJlis is nhont five times the general speed of the 
glaciers. For the descent, therefore, along tlie whole length of 
a primary glacier many years, in somo eaees above two centu- 
ries, are required. The eecondBiy glacierB, though nmch steeper, 
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are yet coUectively slower than the primarr, the rcsistimoe 
nriein^ from friction increasing as the size of the glacier is 
dlinini'^hcd ; many break off regnkrly. 

Ttie radiation of heat l>y a bodj is in general proportional to itff 
f=urface. If two bodies of the same kind and equal Tolnmej but 
difiVrine in e^hape, be heaied to the game temperatnre, and then 
left to cool, that which has the greater surface wiii be the firet 
to part with its heat* The sphere is the figure in which the pro- 
portion of mass to surface is greatest ; and therefore a hemisphe- 
rical mountain would be that best adapted by figure for die 
consen'ation of its heat ; and the larger itg. scale the greater wotdd 
bo its advantage, Eeduction of size and irregularitj- of figure 
with angles and imeqaal dimensiona all increase the proportion 
of Borface to mass. Consequently small famified mountains and 
narrow ridges part quickly with their terrestrial heat, while the 
lines of temperature rise on the fianks of great mountains and 
tablelandsi. This is well exemplified in the (Etzthal group of 
mountains in the eastern or Tyrolese Alps. This, the most con-* 
eidcrable mountain group in Euro[>e;, occupies about 1000 
square miles, and may be represented as a plateau or tiiblehmd 
6000 feet high, with numerous crests and peaks ranging from 
9000 to 12/XK) feet in height. Its chief summits are the Wild- 
spitz, Similaun, Weisskiigel, and two of the Proehkiigel ; those 
of inferior height are 151 in number. It reckons 14 jirimary 
and 215 secondary glaciers. On these mountains (the furthest 
remo%-etl from the genial influence of the south-west wind) all the 
hypsoniftrJc lines marking temperatnre are raised 1000 feet 
higher than on the monntains in the same parallel fnrther west. 
TliP snow-line ascends to 9f>(H) feet, and several \TJlages are to 
Ih> found at the height of fiiMMJ feet. It is ohvions that the Knes 
wliich mark the altitude of temperatures will nm higher on that 
i»(\v of a Inountain wliteh faces the sun, and lower on the shaded 
Slide. WTiere the mountain has considerable breadth, so that its 
faces turned respectively towards and from the sun feci the 
combined effects of latitude and exposure, the clmnged altitude of 
those lines will })e still more evident. Consequently the iaothermal 
linea from north to south through Monte Rosn are found to rise 
on its southcru face abotc 1000 feet higher than on the northenu 
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The humidity diiFtised in the atmosphere depends eo tnnch on 
tenippmlure as to follow in genera! all its Viiriations. Conse- 
quently it ordinarily decreases upwards, Imt not iiivariaUy ; fur 
on the sides of great mountains, in summer especially and in 
the niiddki of the dny, humidity in its quantitative rt-lation to 
ti.*uipc'ratiu*e increases upwards, this increase heing ohA-ioustj the 
effect of nn ascending current and of tho evaporation of ice and 
snow lower doim. Tlio increase of humidity is most evident 
Lmmodiatoly over the suoiv and not far from ita surface ; and its 
excess is most observahle in the morning and evening. At mid- 
day, when evaporation is most active and moisture is carried off 
tlio instant it appears, tlio air on the mountain is comparatively 
dry. Evi^n bright sunshine pcems to have no etfect whatever on 
the snow ; T>ut the greatest drjTiess is at night, when all moisture 
has fallen from the air. In tho tree air, at a distiincc from anow 
or ice and on bare ground, the movements of the hygrometer 
are regular ; smd sometimes humid currents axe dried by pussing 
over glaciers which condense their moisture. On tbo Faulhorn 
(!)280 feet) witunition is highest iit noon when lowest in Zurich. 
On Monta Hosa (15i,151 feet) the saturation at noon exceeds 
that in Milan in the proportion of OO to t>l. On the highest 
summits iu general there is very little humidity, and therefore 
no precipitation. At 12,000 feet rain falls very rarely, and 
only in minute drop?:. Snow appears only as delicate stars and 
s[)icHle9 or needles. Tlie humidity met with on high mountains 
can be ascribed only to the occasional rising of the clondp. 
(Junmli are often seen above the highest of tbo Alps^ and cirri 
at a much greater height. Transparent ice muy at times bo 
found at great elevations; but the water thus frozen does not 
originate in rain, but in the melting of snow by the radiated heat 
of bare rocks. The streamlets thus formed mn down some 30 
or 40 yards, and are often discovered from a dij-tance by the 
visible vapour that overhangs them and marks their course. In 
general they are exhausted hy evaporation before they have gone 
far ; but if copious enough to form a pool this ia quickly frozen, 
Tlmugh ice-water, being deprived of air, ia itnpalatablo and indi- 
gestible, yet in flo^nng for a j-hort distance over rocks it imbibes 
air and carbonic acid enotigh to jnake it drinkable* 
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Dew is more freqncnt though less copious on moontaiiiA than 
on low ground, especiallj in summer. Atmospheric homidity 
being of course first deposited where it first arrives at saturation 
the glacier is covered with hoar-frost on every clear night. Mists 
and clouds are never long absent from the High Alps. The latter 
rest during the morning at the height of 5000-6000 feet, and rise 
at noon to 7000-9000 feet. Clonds often gather suddenly on a 
mountain and as quickly disappear. The cirrostratus bo frequent 
in the Alps has a thickness of 600-800 feet, and is said to exhibit 
agitation at its upper surface. The semicircular cumulus remains 
constant over great heights, even in spito of strong winds, being 
nothing more than the vapour of the uscending current gather- 
ing as fast as it is dispersed till it sinks at night. The cirri, the 
height of which has been variously and on insecure grounds esti- 
mated at from four to eight miles, do not sink. On Monte Bosa 
the ordinary cloud-region lies at the height of 5000-8000 feet, but 
with a south-east wind it rises to 8000-12,000 feet- In winter the 
humidity of the air decreases from the sea to the interior of 
continents ; and in the latter it is most constant near the surface 
of glaciers, but with little elasticity. 

Springs grow rare in the Alps at about 7400 feet, and in 
general disappear a little above the snow-limits or between 8500 
and 9300 feet. They require not merely the presence of water, 
but also a mineral foundation capable of retaining it. Yet in 
Carinthia there is a spring at the height of 9450 feet ; and in the 
side of the Gross Glockner (T\to1), just above the snow-line, a 
spring darts forth at 9330 feet, where the mean temperature of 
the year is 37** Fahr. In the shafts of mines a little higher up 
there is no sign of water ; the mean temperature of the highest is 
31^'C. The fall of temperature in springs is found, as we ascend, to 
lx> slower than that of the air, and slower in valleys than on heights 
or slopes. At the limit of trees on the northern side of the Alps 
((U'JO feet), the temperature of ."springs is 38°-3, or 3°*4 above that 
of the air. Thermal springs, however, are exempt from limita- 
tion as to height and temperature. A spring at Lenker, 4840 
feet high, has a temperature of 170°. In general the tempera- 
ture of springs in the Alps decreases 1° Fahr. for 426 feet. They 
are wanner than the air, the difference increasing with the height. 
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The temperature of the ground varies more slowly than that of 
the air, its local range being from 182 to 413 feet, or on an 
average 282 feet, for 1° Fahr. The decrease of temperature at- 
tending increase of altitude in air, ground, and springs may bo 
represented by the figures 244, 282, and 400 for 1° F. Naked 
ground at great heights is often heated to 90° or 100° while the 
air is at 50°. 

In iiie latitude of the Alps the sun's rays in summer might 
penetrate the ground at the level of the sea to the depth of 80 feet. 
Butthis heat, slowly communicated from particle to particle, takes 
six. months to reach its limit ; and therefore at the depth just 
mentioned the summer heat is felt in winter, and that of winter 
in simimer. As snow gets rid of heat by melting and evapora- 
tion, it is assuredly never penetrated by insolation to so great a 
depth ; but neither does it communicate heat so quickly as tho 
ground. It is therefore extremely probable that often in %vinter, 
while the surface is frozen hard, there may be melting snow 
beneath, and that again in summer, when the surface softens, 
there is hard ice at iiie base. 
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CHAPTER XXm. 



Mmmtaiiis— their Phvsical Influence — Ste^mBS»— inurfa^ with the lower 
Atiuwpfaere. — TetnpemtuK oa Mountanu. — Limita of Vegetation on 
the Alps. — Torapcrature of the lofc— Winds — Kains. — Deavosed Ampli- 
tude of Variation. — Union of Heat and CoId-^The Aiidea — iteir 
■ Rains. — nimAJays, ito Rain*. — Paa»es of the Alfm, ^Vndeg, and [Tinia- 
laja.— -Sprinps. — LiskeS. — Moimtaiii- dwellings. — VUlftpes in TiWt. — 
Gold-Mines of Tbok JBluiig.^-TabIe of Ligheat Mountains. 

The physical influence of moantains necessirilj depentb in some 
degree on thoir magnixude, and is cxhibitod. io various ways. 
1st. Winds striking obliqoely on a lofty range of moQatAios are 
liable to Le reflected from them in im altered course. Thus tte 
west winds from the Pacific Ocoan, falling at an acnte angle on 
the coa^t-mountains of California, are turned southward and ho- 
coiue north wind^. The height also and direction of the elei-ated 
land cnconnterorl determines the distrihntion of heat and humi- 
ditT.-. 2ndly. The wind falling on a range of moDntdns is 
forced to ascend, and its moisture being thus condensodj pre- 
cipitation ensues, and rain is poured prematurely and in excess 
on a narrow tract of countrj'. The Gbatj? of Malabar and the 
Ehasia hills in India, Sitka in Xortb-westcm America, the coaid. 
south of Chiloe in South America, Bergen in Norway, Coimbra in 
Portugal, the hill? of Cmnberlaad, and the ?outh-we.stern Alps all 
furnish example!! of tinusnal rainf;ill consequent on the interception 
of humid winds by hiUs or mouutains. Tins excess shed on thfl 
hills entails deficiency on the plains Ix-yond them. Srdlv. Since 
inonnlains offer difterent climates at different altitudes, they 
greatly increase the Tariety of prodnctious within a limited area. 
4th1y. They rear and nourish rivers. For though 5ome grout 
rirers, as the Volga and the "White Nile, flow from moderately 
elevated plains, yet most rivers, including the greatest on the 
earth (as those of Sooth America, IndLi, and China), owe their 
magnitude to the numerous streams poured into them from snow- 
dad monntains. 5thly. Mountains may be stispected of altering 
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the themiiil relations everywhere observable between the air and 
the ground ; and on mountains of considerable mass the tempe- 
raturea will probably be always found to differ from tbose 
deduced from latitude and altitude by defect, or stiU more by 
excess, according to exposure* 

Of the magnitude of a mountain we derive our impression 
chiefly from its height ; its other dimensions cannot bo so 
readily measured by the eye. The ascent to a smnmit which 
stands before lis, being foreshortened, is abridged to the view ; 
and <^onaoqnontly the steepness of mountains irom foot to sum- 
mit is ordinarily much exaggerated by the imagination. Steep 
ridges and pri?ctpices may occur in the ascent ; but then they 
alternate with glens and valleySj and the general result of these 
infijualiticB is a moderate increaM of altitude in one direction. 
ThuH the Alps and Pyrenees rise from the plain at an angle 
varyiug from 3 to 4 degrees. A carriage-road becomea difficult 
with an ascLMit of 5°, and imprnctieable with one of 7°, A man 
may be said to climb rather than to walk up an ascent of 30°. 
Etna, being a volcanic cone, standing on a baye of 30 mileSj 
with a height of 10^000 feet, is a steep moimt-iin with a slope of 
10 degrecB ; though only 2 miles high, it camiot be ascended in 
one day. The sides of volcanic cones often make with the 
horizon an angle of 30 degrees or more ; but these form ex- 
ceptions to the general character of motmtaina as exhibited in 
great rangeSj and indeed the cone irf generally but a small part 
of the mountain. Limestone-mo uulaina often spring abru|itly 
from low ground, and with precijiitous sides spread out above 
into elevated plains, so that their altitude, compared with the 
area covered by them, 35 not unusually great, Tlie more ancient 
pocks generally exldbit narrow ridges, much ramified, embracing 
deep spacious valleys, and occasionally shooting up into peaks. 
Level terraces occurring between these ridges or adjacent 
mountain-chains are often developed into wide tablelands. 
Thus the elevated plains between the Cordilleras of the Andes in 
Peru spread out to a breadth of 230 ndies round tlie lake of 
Titicaea. Tibet is but an elevated valley between the ranges of 
the Himalaya and Kueuluen j and, again, the high plain of Utah 
may bo regarded as a raised lalley betwefn the Eocky Moun- 
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tains on the eaai, and the Cascade range on the west. So 
gradual is the general ascent of mountains^ that the altitude of a 
mile (5280 feet) can rarely be reached on them with a march of 
10 miles. When we read therefore of travellers ronning np and 
down mountains 6000 feet high in two or three hours, we must 
regard their feats as something extraordinary ; and when told 
that Eolima Xjaro, in Eastern Africa, rising very gradually from a 
base apparently not exceeding that of Etna, yet attains double 
the height of the latter mountain, oar astonishment gives way to 
incredulity. 

It is the relative altitude of mountains or their height above 
the spectator that excites admiration. Their absolute height or 
elevation above the level of the sea is rarely cognizable by the 
eye, the mountain and sea or sea-level not being at once in tt»o 
field of view ; and consequently the impression made by the view 
of elevated summits is seldom in proportion to their absolute 
height. The highest points in the Himalaya are never visible 
to the traveller till he has ascended several thousand feet ; and 
often they are not fully revealed to ^-iew till their relative altitude 
has been reduced to a small fraction of their absolute height. 
Him&layan peaks are at times visible from very distant points in 
the plains of India ; and the volcanic cones of the Andes may in 
like manner bo occasionally descried from a distance of 200 miles 
in the Pacific Ocean ; but in these cases the distant snowy crests 
seem suspended in the air just above the horizoUjand are curious 
but not stupendous objects. The mountain view which cmbracea 
the greatest altitude is that of Graurisankar or Mount Everest, 
in the Himalaya, 29,000 feet high. From Darjeeling, at an 
elevation of 801K) feet, it is seen towering to a height of four 
miles alwve the spectator ; but even in this remarkable instance 
the magnitude of the object is diminished to the eye by 45 miles 
of distance. As an impressive spectacle, uniting beautj- and 
grandeur in great variety of combination, and not too distant, 
the Swiss Aljjs proliably do not yield to the loftiest mountains of 
the Old World or the New. 

The traveller who ascends a mountain pas.«os through succes- 
sive strata of air, the temperature of which diminishes, because, 
first, being derived almost wholly from tlie radiated heat of the 
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partli'a surfaco, it must decrease as the distance from that sur- 
face increases ; and, sccoiidlj', aa the ah- hecoiiies rarefied in con- 
Boqueuce of diminished pressurej the Lent inliorent m its particles 
must be more diffused in space, and Uioret'uro decrease in pro- 
portion to its ToluEue. Ttio general rate of the decrease of 
teniperaturo in asccmling the Alps, supposing it to ha uniform 
at all heig'hts, varies with the seasonsj heiiig in January 417 feet, 
in July 2(30 — the mean of the yejir, therefore, for all heights and 
sea-i^nns btnng about 318 fopt for 1° Fahr. Bnt tho dtserease up- 
wardii of atanosphoric tt'iuperature as i'ar as HJ,UtJU fet^t^ accord- 
ing to the accurate observations of Mr, Glaisher in a balloon, ia 
only 254 feet for I*^ ; it would appear, therefore, t-ither that 
mountains, by conductiug the heat of the ground, raise the 
i3otht>rmic lines in the contiguous atmosphere, and have a hightT 
teniptn'aturw thitn would he found in the atmosphere on the same 
level at a digtmico from them, or else (wlucih is more prmbahlc) 
that the presence of so much ice and snow forbids the gratlual 
change that tronld take place in their abseacc, so that at 5000 
feet (the general limit of glaciers) or at 8000 (whero the n^v6 
begins) a low temperature and corresponding slowness of change 
is experienced, which in the absence of congelation would be 
first met witli at a much greater elevation. According to Mr, 
Glai&her's Table, the decrease of atmospheric temperature at tho 
genenil rate of 1° Fahr. for 31S fejet occurs at the elevation of 
from 8(K)0 to 20,000 feet inclusive. 

The actual change of temperature attending ascent of the 
Alps varies so much with aspect, declivity, and other local cii^ 
cumstanees, that no satisfactory' account of it eould be offered 
without running into details ; hut some estimate may be made 
of it from a glance at the vegetation. It hardly nooda to be 
stated that the cultivation of the vine and cereal crops in Switicer- 
land arc to bo found chiefly in the lower valleys, though not 
strictly confined to them. The extreme upper limits of each 
kind of growth will be seen in the foHo^nng Tablcj respecting 
which it may bo remarked that the highest figures refer especially 
to the western and southern faces of the Alps, to tliu Vaudois, 
and the slopes of Mont Blanc and Monte Ttosa ; — 
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The ^ineond chestrrat , 

Walnut 

Oak 

Ash 

Beedi 

Maple 

Mean height of tillage 

Extreme limit of tillage 

Highest hamlets aud homesteads 

Alpine cahins 

Pines and larch 

Snow-limits 

Highest Phanerogams 



feet . 
from 1500 to 
2500 , 
3000 , 
3700 , 
4150 , 
4300 , 
1800 
3200 
3000 
5500 
5500 
8000 
10000 



31 

» 

» 

J) 
1) 
» 



feet 
2750 
3700 
3500 
4100 
4800 
4500 
5000 
6000 
6300 
7500 
6500 
9500 
11000 



This Table will be rendered more significant by comparison 
with the following one, due to the brothers H. and A. Schlagint- 
weit, which shows the temperature absolutely necessary for the 
growth or successful cultiration of different productions : — 



Northern Alpe. 

Height. Temp, 
feet. 

Turnips 1600 4§ 2 F. 

Walnut (mean) 2500 4oU 

„ . . (extreme) 2900 438 

Beech (mean) 4200 39-38 

Com (mean) 270D 44-0 

„ (highest) 3700 41-18 

Conifera .... (mean) 6500 343 

„ . . (highest) (X)00 32-36 

Snow-limiU ........ 8200 28-3 

Highest rhaneroganis . . 



Southern Alps, UtTont 
Central Alps. Blanc & Monte Bosa. 

Height. Temp. Height Temp. 
feet. o feet. „ 

1800 47-48 F. 2750 4«-7 F. 

2700 45-14 30W) 44 

3000 42-20 

3900 41-38 4800 39-5 

4O0O 41 4700 40-3 

5100 30-9. 6000 35-0 

6000 330 C500 343 

6500 31-21 7000 32 7 

8400 23-9 9300 230 

10000 18-7 11000 18-7 



Thus it appears that the zone, which has a mean temperature 
of 32° Fahr. (the freezing-point), lies between 6000 and 7000 
feet and below tlio snow-Iinc, which in summer may be found at 
an elevation of 7600 or 8200 feet, acconling to the circumstances 
of the ground, and in winter descends to the foot of the moun- 
tains. Of the winter tcniperaiure in the High Alps little is 
known, except that on the Finsteraarhom (14,026 feet) has been 
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oliservetl n temperature of — 22° Fiihr., or 54° be-low the frofz- 
iiig-poiiity aud oil the Jardin du Mer de Glaw (Mont. Bhitit;), 
at an elevation of 10,540 fcetj — iy°-2b Fiihr. It baa hven 
coiidudLKl thnt tlio mean tpmperalun:" for the lii^best summits is 
from 5° to H^'G Fnlir. The summer ttniperature observt'd on 
tiie summit of the Fiiisteraarbarn by Hii^i was ^G^^'G, or 5°"4 
btlow tlie frt.'t'y,ing-poiiit ; but tbe lieut in such cases may bo 
greatly incre^ised by tbe vicinity of naked rocks. Thus on tbo 
Grossglockn*?r (I2,4Ill foi?t)tbi3 tboriiioinot^r has bef-n kno'mi to 
rise to Oa"^ Fabr. ; but tbe solar bpat, thus accumuLited and 
tEidlated by the rock, has little effect on the bit, and none ap- 
par<?ntly on the dry snow ; it extends to a ,?hort distance, and 
is generally of short diiratiun. A cloud or mist /gathers over 
the heated spot, and all soon sinks to its orighial icy temperature. 
The temperature of the air in sunny weather on the mount^uu- 
sides may be assumed t<> be a little above the mean temperature 
assignable to the latitude of the place ; that of the snow or ice 
increases to\rard.s thn interior. Hug! sounded crevices to depths 
of 128 and 180 feet, and found that the temperatiur of the air 
above being troni l°7b to 5°, that at the bottom had 20^-7.'? or 
23°. Above the firn-liiio tlio temperature below the surfucc 
evorvAvhere tends to rise to 32°, or the freexing-point ; below 
that. liupj where uieltiti^ may be said to bcghi, that tempe^aturo 
is probably maintained steadily in the lutLTJor by the water 
whieli, const.T;ntly dripping from melting ice or snow, permoatea 
the <'ritire masrs. 

Among mountains, where there is great variety of exposure, 
ami where warm currents toutinually rise from below, while 
coM currents descend from the siiowy heights, tlici'e often occur 
great diti'ecences of temperature, wbieb give rise t« atmospheric 
commotion. Wind i;* much more violent (/. r. nipi<l) at ji great 
lieight than below ; but, on the other hamlj calms are more fre- 
quent alwve. AVithin the mountains the prevalent wind gene- 
rally takes the direction of the chief vallevfs. These give it 
diHerent directions, ami couiieijuentlv conflicting winds eventually 
arise from the continuance of a single stx'ong wind. Irinow-ilifit, 
raised in whirling Houds over the snowy peaks, then darkens the 
sky. The ascendmg ciurents attani their greatest importance in 
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suiuiner ; and besides them many local carrents play conspicaons 
parts, particularly when their violence is increased by a confined 
passage through narrow valleys. The prevalent wind in the 
Alps is the south-west, or what may be called the upper trade- 
wind of the northern hemisphere ; this wind, called in Switzer- 
land the Fohn (Favonius), begins very early in spring, or even 
in Jannan.', to blow on the Alps and to melt the snows. It is 
generally welcome, since it opens the pastures, though its first 
appearance is often attended with devastating floods and 
avalanches. As the Fiihn often prevails above, while a cold 
north-east wind reigns below, many anomalies of temperature 
are thus explained, the High Alps being warmer and the valleys 
colder than might be inferred from general laws. There is most 
wind in March and November, the daily maximum occurring at 
noon ; while the daily warm current ascends the hill-sides, a cold 
current descends the glacier close to its surface. 

The Alps form the most rainy country in Europe, their souib- 
eastem side excepted, where the rain-bearing south-western winds 
arrive exhausted. In the southern and western portions, autumn 
— in the northern, summer is the most rainy season. Hence there 
is often a marked difference in the productiveness of these two 
regions. Wet years give a good har\-est in the sooth, dry years 
in the north. Again, on the south side of the Central Alps, 
bloom and hanest are later than in the north, because the Fohn or 
south-west wind in early spring is on that side accompanied by a 
vert- hea^^• fall of snow. No decrease of rain is perceptible in 
the Alps up to 5300 feet, thongh the limit above which snow may 
fall at all seasons is 5000. But above 5300 feet the decrease is. 
evident ; yet there are exceptions to this rule. St. Bernard (at 
8160 feet) and St. Maria Helfseryoch (at 8070) have respectively 
no less than 59 and 79 inches annual fall of rain. In these 
instances the quantity of rain is increased, while the number of 
rainy days is diminished. The ordinary* limit of pasturage on 
the Alps is 78^)0 feet. Rain is not totally excluded from the 
snow-region, where, however, it rarely falls, and above 12,400 
feet only in minute drops. In winter there are many bright and 
calm days on the summits of the High Alps. 

The amplitude or amount of the daily variation of tempe- 
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rature decreasea upward,*!, iib appears from comparing the range 
of the tliormometers in Greneva and. on Mount St. Bernard* 
The extrcmips of tomperntnro aro less ahovo thmi below, ami de- 
prpsaion-s coiigc^aliiig nmrcuryj aiich as are cxpcrieuced within, 
the polar circle, are prohiibly never felt on tie aummit of Mont 
Blanc ; hut, on the othftr hand, suddni and irregular changtis in- 
crtrasL" in frequency upwards. The atniot^phore immediately 
over mountains, where the solar heat is very nnequally dis- 
tributc'd among thi.> v;dlejs, must ho kept in continual agitation 
hy fri/qupnt and violent efforts to restoro equilihrium. The 
climate of the Hi^li Alps seems, in respect of temperature, closely 
to reaendtlG that of hit. 70° N. as it Is jjrobably felt in Green- 
land ; and in that parallel the temperature varies much on differ- 
ent meridians. It is mild south of Spitzhergen, rigorous over 
Asia and the Anierican cuntineut ; but thi'so differ, inasmuch as 
the climate of Northern Asia runs niore into estrenieg, while that 
of America is comparatively equable. The climate of the High 
Alps differs from both chiefly by fluctuating more Ti'ithin narrow 
limits. It is ali^o worthy of remark that the e^itreme cold of tho 
High Alp3 U often felt in the low valleys. The cxAil airdcHceiid- 
ing by night tills the hollows, and in the morning the valley liea 
conge.aIed, while the sun lights up the mountaln-sunimiti*. The 
wintry north-east wind reigns below, where in the <-arly spring 
the Fiihu or warm south-west wind prevails above ; and in this 
csisr the summit of the Itigi has a much higher tcniperaturo 
tlnm the town of Zurich at jt.^ feet, 

At great altitudes tho snn's rays coming unabated through a 
rarefied atmosphere have intense force, yet they do not warm tho 
perfpctly transparent air. Th^ traveller scorched in the sun i* 
frozen in the shad<'. He feels one side too hot, tho other too 
oold* His rae<5 is Imrnt and blistered by the solar rays unless 
hn weai^ a veil. In the Alps the guides and linnltTS proparo 
for excnrsiuns to great heights by rubbing tlieir faces with flour ; 
in the Andes the usual practice is to blacken the face. The 
traveller breathing highly rarefied air, and thus losing much of tho 
benefit of respiration, becomes incapable of continued exertion and 
snflTera from distressing sickness. This malady (called in the Andes 
"Ptmo") affects different constitutions unetpiatly* It some- 
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times proves fatal ; but in general it abates with time and patience, 
and men can not only live but even labour at great altitudes. 

The Andes along the western side of South America have an 
extent of 55 degrees, or about 3790 miles. Towards the equator 
in Bolivia and Peru they divide into two, and for a short distance 
into three chains or Cordilleras, embracing between them plains 
of great elevation. Of these, the most important lies round lake 
Titieaca in Bolivia, sloping gently towards the south, with an 
elevation var\-ing from 14,000 to 12,000 feet, and a breadth 
never exceeding 230 miles. This is the portion of the Andes 
which may be most advantageously compared with the Swiss 
Alps. The great mass of land enclosed by these branching Cor- 
dilleras conduces to a general rise of temperature ; and conse- 
quently we here find a town (Ccrro do Pasco) in which the labour 
of mining is carried on at the absolute height of 14,280 feet. 
The miners here have to climb ladders from deep shafts, while 
they carry up basket-loads of ore — a surprising exertion in the 
Pnno or rarefied atmosphere, in which the stranger feels himself 
quickly sickened or exhausted by the least effort. 

The rain-bearing winds in the Andes come from the east, and 
have already jmrted with much or most of their humidity before 
they roach the mountains, where the most eastern Cordillera, 
being the first met with, wrests from them nearly all that they 
still retain. Tlie most western chain receives but little snow or 
Klin ; and the western slope of Peru, from the Andes to the sea- 
shore, is a dr}- countrv', rescued from total barrenness only by the 
humid mist that hangs over it for some months in the year. 
Again, the highest smnmits in the Andes are all volcanic, and 
therefore have the steepness and uniform slope peculiiir to moun- 
tains of that class. Notwithstanding their elevation, therefore, 
into the regions of perpetual snow, they have no glaciers, be- 
cause the form and steepness of the suowy heights allow the 
rapid descent of the snow to the line where it melts, and there is 
no resen'oir of snow at greater heights to suppiv the waste ; but 
at the extremity of the continent, from Chiloe southwards, where 
with low temperature there is a superabundance of precipitation 
in the form of snow, the mountains, though comparatively low, 
are covered with perpetual snow, aud numerous glaciers descend 




mate acquaintance. 

The HiniShiTii Mountains enclose tlie pminsuk of ludia on 
tlio north as tko Alps do that of Ihily. They have a length of 
nt'.a]-ly 2000 miles from N.N,W. to E. S.E., and do not terminate 
iibni|)tly, but may Trtthor bo said to continuo with chan^p of 
namo ami of diroctiou also on th« east. They form the southern 
border of a very t-levated region, bordered on tho northern side 
by the Kucn Luen mountains^ the Karakornra range also ex- 
tending m a parallel direction, on tlio west, betwepn the other two. 

Some give the name Kurakormn only to a single mountain- 
pass ; but it seems more coiavenieut to extend it to the line of 
lofty crests which mark the watershed between Turkestan and 
Western Tibet, separntiiig ilie basin of tho Indus from that of 
the river of Yarkand. Further east tho Brahmapootra at a frreat 
height divides the valley between the Kneii Luen and HimMnya. 
This valley beinp very elevated ground, tho two mountain- 
chains just named, though geog rapid cidly separable, are in fact 
intimately associated, being the outer edges of n vast extent of 
elevated land having an average breadth of perhaps 200 miles. 
The highest points of the Himalaya do not He on the main axis 
of the chain or at the division of tho waters, but further south, 
being for the most part the terminations of sjixirs which jnt 
southwards from tht: axis. They surpass in height the summits 
of the Kuen Luen, which chain, however, probably exceeds them 
in mean elevation. 

Hiiin is carried to the Himalaya by the >S.E. monsoon, and 
falls heaviest on the Khasia IuHb, Mhieh iirst rise to intercept it 
ut the bead of the Bay of Bengal. The further it advaliees to 
the north and west, the more scjiuty it Iiecomert. Thus the Alps 
diti'er from the great Asiatic chain, in.tsmuch as they have most 
moisture at their westeni end, and their northern face touebes 
on u climate which has rain at all times of the year. The 
western end of the Himalaya overhangs parched [ilains very 
scantily watered, and extreme drynci^s is the ehamcteristie of 
"Western Tibet. On these nionutaiuf; glaciers are numerona and 
of enormous extent ; hut they rarely descend to the closely 
inhabitfxl country. Very few are to be seen below the elevation 
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of 10,500 feet. Most of tho rivers in the Tibetan plains have 
their sources in glaciers. 

In the Alps the mean height of the passes is 7550 feet ; in 
tho Andes very few passes exceed 14,500 feet, though the Alto 
de Toledo and tho Lagunillas have an absolute height of 15,590 
feet ; but tho passes of the Himalaya have a mean height of 
17,800 feet. The height of the Mustagh pass in Garwal is 
19,019 feet, while that of tho Ibi Giaman (in the Him&laya), a 
pass deemed practicable half a century ago, is 20,459 feet. The 
brothers Schlagintweit, while exploring the glaciers of Ibi Graman, 
spent ten days (August 1855) at very unusual heights about this 
pass, their lowest camp being at 16,642 feet, their highest at 
19,094 feet. They spent two nights at a height of 18,300 feet, 
and ascended the flanks of the mountain to 22,259 feet, the 
greatest altitude yet attained on moimtains. 

The highest passes in general use are : — Porang (Spiti), 18,500 
feet ; Mana, 18,406 ; Karakorum, 18,345 ; and Kiobrang, 
18,313. Over these passes there is no made road ; the way is 
marked only by stones and the skeletons of those who have 
perished on them. Passes above 16,000 feet high on the 
Himalaya are closed from Noveniber till May. On the Kara- 
korum, where there is little snow, the passes are never w^holly 
closed in winter ; on the Kuen Luen all passes above 15,000 
feet aro then barred. 

The highest cold spring in the Alps is found at 10,440 feet. 
In the Andes the spring known as tho " Ladera de Cadlud " 
rises at tho altitude of 15,525 feet ; but on the slopes of 
Kyungor in tho Himalaya is a spring at the height of 15,920 
feet, and on the northern side of Ibi Gaman, in Tibet, there is 
another at the height of 17,650. Springs at high temperature 
are frequent at the elevation of about 6000 feet ; and some are 
found even on the elevated plains of Tibet. Lakes, too, are 
found in the Himalaya, chiefly I)etweon 5000 and 6500 feet ; 
but they are less frequent than the beds of fonner lakes, now 
drj" and filled with salt. On the plains of High Asia, however, 
between the Himalaya and Kuen Luen, lakes are numerous. It 
will bo sufficient to name the following ; — 
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Altitude. 

Akaai Chin 1(3,020 feet. 

Tso Giaf^ac 15,fi03 „ 

TsoKar 15,(J84 „ 

Mure Tso 15,517 „ 

KiukKiol l3,4G0 „ 

Ratus Tal..., U,^) ,^ 

Mnnsarhui' 15,250 „ 

Tsamoriri 15,130 „ 

Nima Kar 1.5,100 „ 

Tao Gam 14,580 „ 

TsoBuI 14,100 „ 

TsoinognuUiri lijfiOO „ 

Sliejiberds' huts for giunnior dwellings are rarely met wilb m 
the Alps at heights exceeding 8000 feut ; in many favour- 
abit* situations towitrds tbt? south, about Montfl Rosa, tliej may 
bo occisionally found at 9000. In Tibet temporary habitations 
with stono walls are found at the height of 16,500 feet on the 
summer pastures ; and men may remain some days at atill greater 
heighta without injury, though strangers nro pftinfuUy affect&d 
by breathing the rarefied air. Gartok in Tibet, a snnmier vil- 
JagQ or town (in lat. 31° 40^ N., long, 80° 18' E.) with an im- 
portant annual fair in August, stimds at the height of 15,000 
fppt ; but uear tlie lakes, where salt and borax are collected, aro 
the villages of Puga and Norbn, at the heights respectively of 
15i2(!4 and 15,940 feet, the former exceeding Monte Uosa^ 
the latter Mont Blanc, in height. It was long supposed that 
Hanle, a Buddhist monastery in Ladnk (lat. 32^ 48' N.) at thfl 
absolute height of 15,117 feet, was the Idgbest perm.inont habi- 
tation in Tibet ; bat recent exploration has found communitips 
established at a much greater elevation. A well-instructed 
Pundit, sent from India in 18(57 to endeavour to penetrate, if 
possible, the desolate plains and recesses of High Asia, gcjing 
eastward from Gartotj crossed soveral high passes, among others 
the Gugti-la, 19,500 feet aijove the sea ; and travelUng about 
twenty days over rugged plains, never less than 15.000 feet in 
elevationj ho descended from the Chomorang-la pa.'^s {18,7i(50 
feet) to the 'encampment? in the gold-tields of Thok Jahmg. 
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These are at the great elevation of 16,330 feet. The miners live 
in tents pitched in pits about 7 feet deep and covered with felt. 
The work of mining is carried on to a depth of 25 feet, chiefly 
in winter, because the ground is then firm, and pits do not fall 
in ; perhaps also because the dry cold of winter, tfaongh 
intense, is less insupportable than the united cold and humidity 
of summer. TMiatever be the reason, the encampment at Thok 
Jalung, at a height of more than 3 miles above the level of the sea, 
increases in winter to 6000 tents, or probably 20,000 souls. The 
gold-mines, in territory- subject to the Chinese, are verj* productive. 
Tlie following Table exhibits side bv side some of the loftiest 
mountains of Eut-ope, Asia, and America : — 







Himalaya and 








Alps. 


feet 


Karakorum. 


feet. 


Andes. 


feet 


Mont Blanc. . 


15,784 


Gaurisanliar. . 


29,002 


Aconcagua . . 


23,004 


Monte Rosa. . 


16,223 


Dapsang .... 


28,278 


Sabama .... 


22,350 


TaBchhoni . . 


U,054 


Kimchiiijinga 


28,150 


Parincota .... 


22,030 


Weissbom . . 


14,813 




27,770 


Gualatieri . . 


21,900 


Mount Corrin 


14,787 


Dbavalagiri . . 


20,820 


Pomarape . . . 


21,700 


Dent Blanche 


14,305 




20,680 


Cbimbora^. . 


21,422 


Gd-Combin. . 


14,134 


Jibjibia .... 


20,300 


Sorata 


21,286 


Strahlhorn . . 


14,100 


BarathoT 


26,009 


Illimani . . . . 


21,145 


Finsterearhorn 


14,039 


Yangma .... 


2rt,C00 







Graurisankar, 5^ miles high, the loftiest measured mountain on 
the earth (called by the Tibetans Chingopamari), is the Mount 
Everest of English maps ; it stands in Xepaul, in lat. 27° 59' N., 
long. b6° 54' E. In the Hamfilaya alone there are now 
measured 216 peaks, of which 17 exceed 25,000 feet, 40 
23,000, and 120 20,000 feet in height. The snow-limit on the 
southern face of these mountains is throughout at an elevation 
of about 16,000 feet, on the northern side it rises 4000 feet 
higher. Glaciers of great extent, 40 or 60 miles in length, fill 
the upper valleys, descending on the west to the height of 11,000 
feet, on the east to 14,000 feet. Heaps of boulders, evidently 
ancient moraines, occur frequently at the height of 9000 feet. 
Snow falls down to 9000 feet, and even, though \er\ rarely, to 
5000. Tlip great rivers that descend from the Himalaya all have 
their origin in glaciers. The Kyang (or wild horse) and the 
Yak (or wild, long-haired cow) rove over the desolate frozen 
wilds, and arc most numerous at the height of 19,000 feet. 
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Electricity — how developed — its Nature auil Towor. — Tlio Electroacope. — 
Atnioepheric Electridty — its Daily Varinlion — ninst n]:iimi]Atit in Win- 
ter — idenHfieJ ^^ntli Iiightnin*.— IJr. WaU, Frflnklin, Riclimnu, &a. — 
Clouds na electnciii Conductors. — TIiimd^Tstorms. — Vo^.- — The Pfttll of 
Ijightninj?. — FiJfrurites, — Heig-ht of Tiiuuder-cluiJila. — PiTiodicilv of 
ElectTicity — Illuati'ated. — Fireballfi or Tbimderbolta,— SiuguSnr Efiecla 
imputed to LigLtuing. — Lightning-rods, 

The atmospliore is never wholly lU'Void of rU'ctricity, which^ 
howevor^ ordinarily remains latent. By tliL' devi-Iujiment of 
electricity is meant fcto separation of two principlosj gent-rally 
ca]]ed positive and iiegativie, by somo ritreoua nml resmoue 
elfctridty, whieh separately exliibii tLc pte»omena of attraction 
antl repulsion, constuntly tunJ to nnite, and. by uniting nrc vx- 
ting;uishwl. IE" a Titreous lio'ly, as a tube of glass, he nibbud. 
witli silk, it bpcomcs positively excited, tlio nejTative electricity 
remaining on the silk. If a piece of giun-Iac be rubbed with 
the hand or with wtx)l]en ciotli, it rL-tuinB the negative or resi- 
nous electricity, lejiving the positive on the ]iand or cloth. The 
electricity thns developed may be cimnnimicated to a reeeiviT 
made of a conducting or non-electric substance, and insulated by 
nie^insof a non-conducting or electric support. Metals nnd humid 
bodies arc all conductors, glass and giun-lac are electric and non- 
ducting substances ; dry air, too, belongs to the latter class. Con- 
sequently a liraps cyliudnr witliont shaq> edges and i^upported by 
H ]>i]lnr of glass or resin is in dry iiir Jiu insulated receiver, and 
V ill retain for a considerable time the electricity imparted to it. 
If this receiver or conductor be touched with the hand or any 
conducting body conuiiuni eating with the ground, its electricity 
wiU bo instantly discharged ; but if anothf^r similar iiisulEited 
conductor be placed before it at ii little distyuee, the electricitj' 
of the latter will be developed. In tliis ease there U no eotHuui- 
nication ; the iirst conductor loi-es nothing of its charge It 
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Operates by what is called influence or induction ; and the induced 
electricity in the second conductor has this peculiaritj', that it is 
of both kinds, the negative fluid being collected on the end pro- 
sented to the positive electricity of the first conductor, and the 
positive electricity of the second conductor flying to the other 
end. One of these induced electricities may be withdrawn and 
the other allowed to remain. By this power of induction, tho 
phenomena of atmospheric electricity are rendered very compli- 
cated ; and negative electricity- is often found where positive 
might be expected, and rice versa. 

The two kinds of electricity attract each other, and in the 
effort to recombine them it exhibits all its force and fire ; but 
confined to one kind it is %'iolently repulsive. If a brass wire be 
passed through the cork of a phial and two slips of gold-leaf be 
fixed to its lower end, the instant the upper end is placed in 
contact with a charged electric conductor the slips of gold-leaf 
will diverge, repelling each other ; and by the degree of their 
divergence may be measured the strength of the repulsion. The 
strength of electricity shows itself in rending, splitting, scatter- 
ing, chemically decomposing, and in the melting of metals, all 
^■arious fonns of repulsion. 

By means of the instrument just described, which is the 
simplest form of the electroscope, atmospheric electricity may 
under favourable circumstances be easily detected ; not, how- 
ever, among houses or trees, nor aniiTvhere close to the ground, 
but in calm weather, with a clear sky, the electroscope will show 
at five feet from the ground the presence of positive electricity, 
and the higher it is raised the plainer will be its indications. It 
is, in fact, ascertained that the ground is always negative and 
the atmosphere positive, the positive electricity increasing higher 
up, so that on lofty mountains in clear weather it becomes lumi- 
nous, and travellers may often see and feel it. But whence 
comes this electricity ? Some have suggested that it is an 
effect of evaporation. M. de la Rive held that it originates in 
the centre of the earth, from the action of the internal fires on the 
surrounding minerals ; that this gives birth to the negative elec- 
tricity of the earth, which induces the positive condition of the 
atmosphere. But M. Pouillet found that while the evaporation 
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of pure wat^r gives no sign of electricit)', wati^r containing any 
acidj when evaporatciJ, gives out po&itive or, with un alkali, 
ncgutivu electricity. He thence concluded tJiat Iho atuioaphere 
owt'S its pk'ctriclty to tltp evaponxtion of the sea, tliiit of the 
ground being theiico induced. This explanntion of the matter is 
doubtless tho least- objoctiouable of those ottVred, and is now 
geni^rally remvt;d ; but it must be remembered thut electricity 
is most abundantly doreloped by the friction of non-conducting 
or electric bodies, as glass, gnni-lac, silk, hareskin, &c., and that 
dry air is one of this class. The agitation of the air with aijiie- 
ouB particles gnflicicntly accounts for atmospheric electricity. 
Troinbes and waterspouts are higlily clwetrical. 

By crireful obscr^ atious with tho oloctroseopo it has been found 
that tho electricity of the atmosphere haa a daily and annual 
variation. Twice in the 24 Lours (viz. at 10 o'clock in the 
momhig and evening) it has a maximum, and twice (at 2 o'clock 
in the at'ti^noon and at ni^ht) a mininmm. The hours of clumge, 
however, are found to differ in different places. These changes 
are trtict^ible, not to fluctuations in the quantity of electricity, 
but in the means of comniuuicating it. Dry air does not conduct 
electricity, humidity does. The dew upraised In the morning 
itud fidling after sunset occasions the Hi oVlock maxima. Dissi- 
pated by day and laid at night it is followed by a period of dry 
air, which brings on tho minimuni at 2 o'clock. From these 
observations also has been dr.Tttii the unexpected conclusion, that 
the atmospheric clectrlcify of njnlcr far exceeds that of smnmefj 
as will bo seen from the following results of observations made in 
Brussels ill 1846 (the figures give the amount of the angular 
deviatioii caused by the clectricitj' of a magnet sn&pended in the 
electroacope) ; — 

July 3§ 

August 57 

8eptember 62 



Januarv' 5li2 

Fi'lirnary -^Mi 

March tl5 

April U 

May 4f» 

June 3S) 



October 98 

November ....*. 274: 
December 793 



When Dr. Wall related in 170W (in the ^ Philosophical Trans- 
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actions') his discovery of the electric spark, he could not help 
adding the remark, " It seems in some degree to resemhie thun- 
der and lightning." Yet the identical nature of the two pheno- 
mena remained unproved till Dr. Franklin in 1752, by flying a 
kite, drew a spark from the clouds. The results obtained hy him 
were feeble, though sufficient to demonstrate the existence of 
atmospheric electricity ; but in the following year the same ex- 
periment was repeated with care and success by M. de Romas, 
who drew from the atmosphere sparks nine feet in length. Soon 
after Professor Bichman, of St. Petersburg, collected the elec- 
tricity of the clouds, and incautiously approaching the conductor 
was killed by the discharge. 

The attention of Franklin and of his immediate followers was 
directed wholly to thunder-clouds ; but it is now perfectly un- 
derstood that the atmosphere is at all times charged with elec- 
tricity, which if not more developed is at least more easily and 
plainly observable in calm weather and under a clear sky. AVe 
have seen that vapour, taking the gaseous form, becomes much 
lighter than air, and favoured by the decrease of pressure ascends 
to a great height in the atmosphere. It thus enters the sphere 
of the strongest positive electricitA* ; but the instiint that it changes 
into fluid molecules it is invested with electricity, of which water 
is a conductor. Consequently the molecules, having all the same 
electricity', repel each other, and repelling the dry air also, they 
obtain buoyanc}' at a certain elevation. In this condition tiiey 
form a cloud. Having descended from its birthplace the cloud 
may possibly feel the efiects of induction and be negative above, 
while its positive electricity, still predominant, faces the earth. 
Its electric tension is thus increased ; but in this state a cloud 
may be regarded as a charged conductor with its electricity on 
its surface. Now it has been already shown that clouds may, in 
consequence of induction or contact with land or through a fall 
of rain, change their electricity and be either positive or nega- 
tive. Tlie sun'tf heat causes ascending columns of air and vaponr 
that carry with them the negative electricity of the ground. The 
clouiU thus formed are attracted towards and clash with those 
from above of positive nature ; a thnnderstomi ensues and the 
two electricities combine. Clouds in thunderetorms are charged 
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conductors of electricity, but tboy ure flt^xiblo conductfirs ] tlifl 
electricity is not equally spread over tliean, but iins greater ten- 
sion at every prominent point, or where there is a liirgci' pro- 
portion of Hiirlkce. These a.11 hurry forward to meet the foremost 
jiolnts of the opposite nrniv. Hence the commotion and nipid 
change of figure observabh' in clouds during a thandcrstorni. 

From what has been said it is easy to understand why tbunder- 
ntorms are almost strictly confined to the hottest nionlliK of the 
year, and in the torrid xone, where tliey are constiint, to certuiu 
hours of the day. The decline of daily heat on the ground 
begins betwenn 2 and 3 o'clock, growiiig later as the heat is 
intense and the exposure perfect. Up to that hour, therefore, 
Continues the a3Cont of heated air and vapour, the latter laden with 
the negative electricity of the ground ; but in the upper regions of 
tlie atmosphere the decrease of the sun's power commences much 
earlier and the vapour begins to sink. The opposite oloctrieities 
thus destined to meet seize on all the vapour, and thus acquire 
compactness and solidity. The opposing masses of clouds then 
rush fogetherj flashes of Hghtnlug discharge the eh^ctricity '^^'bile 
thunder roUa, till all being expended, and the clouds liaviug loflt 
their .snpport, rain fall.-j in torrents. These thunderstorms with 
deluges of rain are in tropical countries wltuosaed dailr, at pre- 
cisely the same hour and in all clrctim stances alike. They seem 
to fiuc/gei^t that without cloud,=! electricity would not be formi- 
dal;>le, and that without electricity elands could not exi^t. 

Clouds unci fogs never appear withont dl-vliirbingthe electricity 
of the atiuosphere. If they do uot change its character, they at 
least alter its distribution. Tlio electricity of fogs U always 
positive, and generally has considerable tension ; hence luminous 
fogs are aaiJ to hv, not nneomraon. Storm-clouds are easily Jis- 
tingui-shed by the rapid manner in which tbey come togetlier. 
Their pecuHur durknetjs ia probably due to the circumstance that 
while there are two strata of clouds, ouo over the other, their 
vortical diuiensions have been increased hy their mutual attrac- 
tion. The electricity of salt water being the eanic as that of the 
atjiiioapiiere, thunderstorms are much less frequent at sea than on 
land. Between the tropics thtuidLT is heard almost as often an 
the clouds gather ; and at particular spots, where the contigura- 
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tion of the ground and the prerailing wiuds tend to congregate 
vapours, thunderstorms may he witnessed every day in the year. 
The extreme ^-iolence of thunderstorms seems to be exhibited in 
the densest, consequently the lowest regions of the atmosphere ; 
on elevated tableland they are comparatively ^feeble though 
frequent. 

The thunder-cloud being assumed to be the electric conductor, 
the lightning will be its spark. The general belief seems to be 
that the lightning proceeds from the cloud to the earth ; but 
this may be contested. Electricity seems to have a hinaiy 
nature with polarity. Xeither positive nor negative electricity 
can start into existence alone, neither can precede the other ; the 
spark that unites both poles must leave them simultaneously. 
Were it possible to trace the progress of so rapid a phenomenon 
as lightning, doubtless simultaneous flashes from the cloud and 
the earth would be seen in the middle. The electric tension of 
the clouds is at once responded to by like tension in the elec- 
tricity of the earth ; but on both sides the direction in which the 
electricity endeavours to escape depends in some degree on its 
distribution over the surface, and therefore on the form of that 
surface ; it is also probably influenced by the humidity of the 
air, not equally difi'used but grouped in masses. The electricity 
on both sides, therefore, is swayed by two forces, an external 
attraction and an internal impulse. The attractions do not 
operate alone, but mix with disturbing impulses, and therefore 
they deviate from the direct and shortest line ; but when they 
approach each other, a flash across, often at a very acute angle, 
connects them. Such is the zigzag course of lightning in the 
simplest form. The spark that passes between the conductor of 
an electric machine and a well-turned brass ball is always straight ; 
but if a piece of zinc with jagged edges take the place of the ball, 
the spark will be nmcli longer than before, and as angular as any 
flash of lightning. Tlie irregular surface of the zinc has altered 
the character of the spark. If to the influence exerted on wliat 
may be calletl the presentment of the electricity at its starting- 
point and that of partial humidity Ijc added the condition that 
the spark leaves the opposite electricities simultaneously, there 
will be no difficulty in accounting for its capricious course or 
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tiiat of iightning. If aii^^uljir zigzag lightning be gnpjiospd to 
prociL'iL'd from one pole to the otber, tLen some portion of it inu^t 
be retrogriiilc ; if we suppose it to start at once from LotL pole;?, 
Uiose portioDi^^ generally short, need not bo retrograde, but will 
serve to connect direct lines from one or tlii> other polo. 

When li^rhtning strikes the (rrotmd witliout dispersion, it some- 
times fuses the simdj soil or rock, aud leaves as a mark of ita 
passage what is called a fulgurite ; that is, an imj^^rfeetJy vitri- 
fied tube, from 10 to 30 incbos long and 3 iu diameter* Ful- 
gurites bu^'o boeu often dug from the spots where lightning was 
seen to striko. They arc said to be nuincfous in the jijajns near 
the mouth of the Kio de la Plata. Perhaps the ahuiidnnt e!ec- 
tricity develojied over the Pampas is most attracted by that part 
of the plain where, while the air is atill dry, the ground begins 
to acquire conducting-power by the inftltration of water from the 
river ; but the spot on tbo CJivth where fulgurites arL- most fi-o 
quent is Little Ararat, a mountain about 13,007 feet highj with 
peukii of bare sandstone. A little to the west of itj the rounded 
SHWimit of Great Ararat, 17,210 feet high, and covered with snow, 
serves to collect the electricil)-, which from time to time is dis- 
charged upon the naked rocks of the neighbouring moimtain. 

As the electne s]>ark represcnt-i ou a small scale a flush of 
lightning, so the cracking sound is a weak copy of a tliip of 
thunder. But the spark issues from a tirin brass conductor, tljo 
lightning froin a loose electric doud, which recoils from the ishock 
of the discharge and Wbrates from end to end. Tliese vibrations, 
following the first acute-sounding clap and arriving in succession 
from increasing distances, constitute the peal of thunder, which 
varies with the dist^ice, volume, and density of tho vibrating 
section of the cloud. If the time that elapses between the flash 
of lightning and the tbunder-clap that follow."* it be carel'ully 
noted, antl the number of seconds bo multiplied by lli?3 (the 
distance in feet travelled by sound in a second), the product will 
give the distance' of the cloud ; aud if the altitude of the flash bo 
at the Siiuie time observed, Uien its height above the earth will 
be known. And, again, the distance of tho cloud whence the 
lightning proceeds being known, an obser\'ation of the angular 
space ill the heavens or ou the horizon embraced by the flash 
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nia}' fombli tlic mpans of calculating its absolute extent Hiiw 
M. Ant. d'AbbadJe estimated that ligbtnijig seen bv bim in 
Alx'^sinia played at ODce orer a region of KK> miles in breadth. 
But here it maj be remarked tlbat it is not easy to di^tiuguisb 
the Oash of lightning itself in the liurizou irom the Ulamination 
caused by tlio ftasb on the edge of a bank of clouds. 

The height at which thunderstorms take pku» varies from the 
Bnrfiiee of the ground to 1(>,000 leet, or above three luih-!*, but 
ordinarily they rise no higher than 3000 feet. According to 
Humboldt and Bougsingatdt thunder at night is almost unknown 
in equinoctial America^ Storms there always take place in the 
afternoon, and are over by sunset. Thunder grows rare towards 
the poles, and is never heard at sea beyond lat. 75''. 

The electricity of the atmosphere is attracted by points wbidi 
offer to conduct it to the ground, and whieb are more attractive 
if metallic or humid. Hence it often strikes trees, tall chimneys, 
chnrch towers and steeples. The force with which it splits and 
tears to pieces great trees or other non-conductiag iHHlies is 
ascribed by some to the moisture in them coQvertod into steam 
by the intense bea.t ; but the violent repulsion of bodies or parts 
of bodies charged with the same electricity oB'ers a sufticient and 
more natural explanation. AVe read of large masses of m:LSonry 
carried some distance by lightning ; but in truth they are flnog, 
not carried, to a distance. Of tlic iiingu!:u' effects of lightning 
many instanis's are recorded. M. Ant. d'Abbadio relates tliat 
2000 goats, driven for shelter into a cave iu Abessinia, were all 
killed by a single stroke of lightning. Some years ago it was 
stated in the French papers that a regiment on the march near 
Lyuns was completely [irostrated by lightning, the men being all 
thrown down in succession, but none killed. 

It has been suggested by M. de la Rive, a very great autlio- 
rity on ihfso matters^ that eleclricily has a tendency to tlow in 
waves ; tliat is to say that, alternately spending and accmuu- 
latlng, it is periodical in tension. In proof of this suggestion may 
^»e adduced some inshmces. of a kind unknown to its autJior. At 
Graaff Re\-nettj in the eastern division of the Cape Colonv, the 
court-bouso was tome years ago struck by lightning, and the 
bell-wire running through the building, and altogether al>out 80 
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feefc in length, feU to tho ground, cut into small pieces of equal 
length (abont three quarters of an inch), A precisely simikr 
occnrrenco has hflen since witnessed in a workhouse in tho north 
of England. Narrativea of* a, seemingly marvellous kiud deserv- 
edly meet with little attention ; but the account of what took 
place in Grraiiff Ri'ynett, is here givon on the authority of a 
witness of the hi|!;Keflt character^ who was in the court-houee 
alone when the accident occnrred, and saw the wire fall in 
pieces. Here is a plain instance of periodicity. What det^^r- 
mined the periods or length of the waves ? Might it not be that 
the interval between the first two supports of the wire where it 
entered the building was an aliquot part of the whole ? 

To tho ordinary sources of atmospheric: electricity must ho 
added volcanic clouds or exhalations, if these be not rather the 
causes and conspicuous ac<wmpanimpnts of ngitatod dry air. 
Lightnings have been seen to play for several days together with- 
out intermission from the black clonds formed over Vesuvius 
after an eruption ; and the fiery energy of these clouds has been 
felt at Tareuto, 250 miles from the place of their origin. 

There are no meteors more fonnidahleandunaccounfcible than 
those popularly called fireballs. Their frequent occurrence and 
dangerous character are well attested ; yet nothing is known with 
certainty of their nature. In some foreign languages they are 
confounded with strokes of lightning under one name ; hence 
they are generally considered as or classed with electric pheno- 
mena ; bnt compact elcctriuity, hovering slowly in the air, appa- 
rently without either attraction or repulsion, rolling on the 
ground and then suddenly exploding like a bombshell, is a com- 
pound of contradictions hardly conceivable. It is for chemists 
to decide whether gaseous matters generating electricity may 
not by some means be concentrated in the atmosphere and 
explode by mixture with oxygen gas at a cGrtain stage of their 
combustion. 

Cases have been stated of lightning stamping on bodies struck 
by it the figures of objects at a littlo distance. Thus a niqn 
killed by lightning is said to have been marked with lines 
exactly representing a tree near tho Spot. This may txj partially 
true j such u figure may have been drawn, but it was not a copy. 

an 
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It b ascertained that persons etrack by lightning are often 
marked with ramified figures, determined perhaps by the Tasfular 
structure of th>e body. It is also stated tLat the fig^ure of a 
horseshoe was imprinted on the body of a man kilted by light- 
ning opposite to a door on which was nailed a horseshoe. Though 
such statements cannot be poaitiyely denied, it is not vasy to 
believe them, and seience oncrht to distingniah the certain from 
the doubtfnJ. M. Amgo, whose authority may be cited for the 
Qse of the name lightning-ballsj showed his caution when writing 
it by adding, " or, it* the reader pleaseSj (^rtain luminoas 
masses." 

Lightning is intense electricity, flying to be discharged 
extingnished by nnionwith electricity of the other dejiomination-' 
13iis it seeks in some cloud or on the earth. It prefers surface, 
and accordingly points having the greatest proportion of snrfaoft 
to soh'd epeciallj attmct it. When directed to the ^irth it is 
most disposed to strike prominent and pointed object*. High 
towers and church-steeples (the latter especially when snrmoonl 
by a vane and windrose of iron) are liable to be struck by it,' 
Hie iron, or in its absence humidity, conducts the electricity to 
the non-condncting materials, which, rendered matnally repolsii 
break asunder. Trees also often serve to connect the lightiung^^ 
with the moist gronnd ; hnt the drj^, nonnconducting, latemal 
wood is split and torn to shreds. Animals are killed by 
severity of tie shock, and, if the lightning enters the body, hyj 
its heat j for when electricity encoanters resiiitance it bums it 
way through. Men and animals often perish in thnnderstoi 
in consequence of their taking shelter under tree?. 

But the danger to be apprehended from lightning may in 
gcineral be easily averted by means of lightning-roda or 
tonnerrfi ; that is to say, by iron rods affixed to the most promi- 
nent part of the building to be protected, and connectod with the 
ground by metallic rbn '"?^ or bars. This simple precantioa, 
however, often proves ineffectual, owing to the defect of the 
conductor ; for if the metal rod or chain be too 6maU, it i£ llablo 
to be melted by the lightning ; and if it be not sraik deep enoogl 
in the groimd to reach moistnre, it faik to carry off the el 
trid^. 
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CHAPTER XXV. 

Hail, unlike Snow. — Hiulatonea, Peculiarities of—UTiequatlij' Dijtribotpd 
— Destructive — ain^^jir remark nf Von Buch, — Gw8t UftniH^'e (lune to 
the Viueyardi of Fnmce. — Influence nscribect lo Fareata. — Atleiupta tu 
explain the Origrin of Hail— Vol ta—M. de la Eivt— AE. Dufimr. — 
CDtenAa Cold the firftt Coudllion — this produced ^j th^) rapid Exjijui^ua 
produced by aq Electric [discharge. 

Hail, though if respmhlcs snow in being mcrply wftter con- 
gealed, diflLTS Irom it essentially and in many respects. Snow 
exhibits in its delicate, synimotri«il forms the effects of the 
Tindistarbcd crystallization of vapours suspended, in tho atnio- 
fiphere. HailstoneSi on the other hfind, resemble frnj^mentd of 
roi]g;h ice, or perhaps flakes of snow collapsed hy partial melting 
aiid then froitm in OU'O moss. Snow is the usual consequence of 
a certain degree of reduced temperature attending change of 
season ; it fulls gently, and covering the ground, prolects it from 
intense cold, being at once a progeny and a moderator of low 
teiDi'erature : hut hail occurs more frequently in spring and 
summer than in winter, and often falls with destructive violence, 
doing irreparable injury to frmi>-trees and vineyards ; heing 
usually the> accompaniment of thundert-tarms, it i^ assumed to be 
an electrical phenomenon. In Iceland it is particularly fre- 
quent during volcanic eruptions. 

The origin of hail \s extremely obscure ; nor is it easy to 

Fig. 100. 
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account for tlie complex formation of hailstones. They are 
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sometimes nothing more than small masses of ice or collapsed 
snow ; bnt they more frequently bave a naclens of this kind 
snrromided by a coat of ice radiating from the centre (fig. 100), 
or they exhibit concentric coats of ice wrapped romid the nnclens, 
the regalar stmctnre being occasionally covered with angolar 
masses of ice. It is said, too, that hailstones have ordinarily a 
protuberance on one side, so as to resemble in some degree a pear 
or a mashroom. Their osnal size is less than that of the hazel- 
nut : bnt ther are often much larger ; and, indeed, there are many 
autiientic accounts of hailstones of formidable magnitude, as 
large as eggs, or even as oranges. Large masses of ice often 
fall with the hail. It has been stated that after a heavy fall of 
hail in Hungary, it was found that the hailstones all contained a 
small concretion of meteoric iron. In this case it can hardly 
be doubted tiiat the consolidation of the iron and congelation of 
its watery covering took place together. 

Hail is more partial as well as much less frequent than rain. 
It seems to be comparatively rare in the plains of the equinoctial 
regions at elevations less than 2000 feet above the sea — a fact 
not to be accounted for merely by the heat of the lower regions 
of the air, since it falls frequently in Southern Europe in sum- 
mer, when the temperature equals or exceeds the mean tempe- 
rature at the equator. The cold of the polar regions does not 
render it frequent ; and, in short, its ordinary- occurrence is in the 
temperate zones. Hailstorms appear, in Europe at least, to run 
in narrow lines, not averaging above half a mile in nidth, and 
chiefly from S.W. to N.E. Sometimes their course is at right 
angles to the preceding, or from N.W. to S.E. The great hail- 
storm which devastated France in 1788 travelled from the 
western PjTcnees to the Baltic Sea, a distance of 600 miles, in 
two lines, about 8 miles asunder, and respectively about 8 and 
4 miles wide. Some of the hailstones that fell on that occasion 
had a diameter of not less than 3 inches ; a few had a bulk of 
70 cubic inches. The storm passed on at the rate of 40 miles 
an hour, the fall of hail at each point lasting 7 or 8 minutes. In 
May 1834 Russia was visited by a ver^' extraordinarv' stonn of 
liail, which in less than six hoars extended over a ren-ion em- 
bracing 15 degrees of longitude and 10 of latitude, from the 
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Dniester to the Volga, and from the Baltic to the DIuck Sen ; 
but in thfl middle of this region the govenunent of On?l escaped 
almost antouched. At St, Petersburg thp bail was very sninll^ 
flJld attracted attention for ita novelty, being thoro abio&t un- 
known ; but it increased in size towards the S.E.,and at Kherson 
the hailstones weighed from three ounces to three quarters of a 
pound. 

Some placoa seem particularly liable to the ravages of bail, 
froni which others at no great distance are exempt. Clermont 
in Anvorgne suffers annually from this scourge, wldle thn 
parish of Vemet, at a distance of only two miles and about 
1200 feet higher, hardly feels it once in twenty years. It ia 
most to be dreaded in the close vicinity of monntains and at the 
foot of narrow ridges. Leopold von Buch reiiturL-d to make the 
startling aiinouneement that hail avoids valleys in which goitre 
is prevalent ; and his statement, though made in ternis that mis- 
rppresent the natural principle of tic phenomenouj, appears to 
have some foundation. It is said that in Switzerland bail falls 
rarely in valleys that run oast and west, but frequently in those 
stretching north and south. Noitber does it fall in deeply 
enclosed valleys, so far juistifying Von Buch's views j but it is 
often iVlt severely just where the valley opens to the jdain. 
Thus, for instance^ at Borgo, at the lower entrance of the 
Vol d'Aosta, the havoc annually made by it in pastures and 
]^lantation9 is regarded as a matter of course. 

Franco (in whoso prodnctivo economy vineyards hold so high 
a place) is the country that snffers most from h-iilstomna, which 
take place generally at the very season when the vines aro moat 
likely to be irreparably injured. Attention has consequently 
been there directed to the course of hailstorms, and the means of 
averting them. Much reliance was placed some years ago on 
para^reUtf ot lightning-rods erected about vineyards, to disarm 
the clouds by carrying off the electricity ; but this expedient 
failed, for obvious reasons. A paragrele in a vineyard could 
avail only to bring down the etorro on the spot which it was 
meant to protect. The proprietor of the -vineyard could not 
place it a mile or two to windward, where it might possibly have 
proved efficacious. At present the belief seems to prevail that 
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hail while desolating the open coontiy aToids Hie forests ; bnt it 
most be observed that the hailstorm which can batter and 
destroy a yineyard^ may be anable to leave any permanent 
marks of its attack on a forest. An eminent writer, M. Becqaerel, 
who believes in the immonity from hail enjoyed by forests, 
endeavours to account for it in the following words : — " Their 
influence may be ascribed to two causes : they impede the lower 
cuirents of air which carry the cloads, and thence follow eddies 
in the moving masses, and a rush of air with a portion of the 
clouds, either along the margin of the wood or to a height above 
it. The speed of the wind and of the clond being thus checked, 
a fall of hail may take place before the clouds reach the forest.'' 
Again, he says, " In the hot season the exudation of the foliage 
supplies an ascending current of vapour, and this reaching the 
clouds, places them in communication with the trees, and thus 
the electricity reaches the ground." 

M. Becquerel's first argument "is that the electric clouds can- 
not reach the forest ; his second is that they do reach it, and 
that it serves as a paragr^le ; but why it is more successful than 
the ordinary paragrele is not explained. The maps constructed 
to show the distribution and ravages of hailstorms exhibit no 
symptoms of natural law. The hail does not seem to spare small 
woods, but only the great forests ; and it has no mercy on the 
villages lying within or on the borders of the latter. It seems 
likely, therefore, that the ravages of hail are most noted and 
calculated where they are most important, which certainly is not 
in the forests. 

The attention of those who sought to account for the pheno- 
mena of hail was soon directed to its apparent connexion with 
electricity ; and Volta explained the formation of hailstones by 
supposing globules congealed by the cold of. evaporation to be 
repeatedly thrown up and down between two Strata of clouds at 
different altittides and with opposite electricities and by this 
shuttlecock play to attract moisture and increase in size till they 
can be no longer supported by electric attraction. This theory, 
though long in vogue, rests on assnmj)tions so arbitrarj- and un- 
natural, that now it needs no refutation. It has been suggested 
by M. de la Rive that the first germs of hail drop from cirri, or 
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very elevated clonda, charged with positive electricity, and pass* 
in^ throngh a cJoud in whicib tJie opposite kind is developed, 
attract its hamidity and thus increase ; but every step in this 
hypothesis is open to objoction. The regularity of figure that 
distingai^hes the cirrus aeems to be characteristic of clouds per- 
fectly supported and not disposed to fjill. But, besides, what- 
ever falls from a great height m tho atinosphcTP must be dolicate 
and minute ; and If minute drops fall into a. lower cloud th^y can 
attrfict, by virtue of their electricity-, only an equal quatiHty of 
the other kind, whereas the outer coats of hail far exceed the 
nucleus. 

It is easy to imagine a drop of rain falling from a cloud into 
a current of very cold air so as to be frozen before it roaches 
the ground ; hut this dops not explain the; phc'uomenn of hail) in 
which are to be considered the following circumstanoea : — 1, 
the connexion of hail with electricitj'^, often manifested in 
thaudcrstorms ; 2, the cumpkix rormation of hailstones, which 
often appear to have |>a89ed throngh several successive processea ; 
3, their great size, indicating a very sudden and violent pre- 
cipitation with extraordinary cold. The larger tiie hailstone, the 
less likely It ia to have foUen from a great height ; but the lesa 
the height the less also is the time for its solidification and fall, 
A mass of ice, therefore, hs large as a pigeon's egg, formed 
instantaneously or else while falling from the atmoephero, 
exhibits an energy, both in the condensation of tho fluid and in 
its prompt cougelation, far exceeding what usually comes under 
our observation. 

From experiments made by M. Dnfour^ of Lausanne, it ap- 
pears that water in a mixture of almond-oil and chloroform, 
and of its own density, assumes a spherical figure, and while 
suspended in that manner may he cooled far bf low the froezing- 
point without congealing ; but under these circumstances a smart 
shock uf electricity or contact with a particla of ice makes it 
solidify instantaneously ; and the spheroidal mass thuii frozen 
resembles in its structure the ordinary hailstone with a uiicleus 
of white ioe and an outer coating of ice-crystals radiating from 
the centre. Hence it appears that an apparently double structure 
may be the result of a single process, and take place in a globule 
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frozen from without. It is evident that globnles of water floats 
ing in the air are in the condition best capable of resisting con- 
gelation, and might, as in the experiment jost described, un- 
dergo their change of state at a very low temperatore ; but we 
cannot understand how aqneoos globules of the size of ordinary 
hailstones could be suspended in the air. 

The explanations generally offered of the formation of hail 
are, as Sir J. Herschel remarked, " too absurd to need refuta- 
tion." In questioning its connexion with electricity, while at 
the same time he doubts whether hail be not rather the cause 
than a consequence of a thunderstorm, the same eminent philo- 
sopher shows himself bewildered by the difficulty of the problem. 
He justly remarks, however, that " the generation of hail seems 
always to depend on some very sudden introduction of an 
extremely cold current of air into the bosom of a very quiet, 
nearly saturated mass." The peculiarities of hail which require 
explanation are : — first, hailstones often or generally exhibit in 
their structure a twofold structure ; they have a nucleus of 
rough ice or concentric layers, and over this a coating of ice- 
crystals ; secondly, the hail-shower is long and narrow, brief and 
local. 

Now it is generally admitted that thunder always precedes 
hail ; and electricity alone seems capable of accounting for the 
one thing required for the production of hail — namely, intense 
and sudden cold. If the action of lightning in the clouds 
resembles its action on trees in a forest, if it rends the air and 
repels it with extreme violence in all directions, the result most 
be a momentary vacuum or a dilatation approaching to a vacuum 
throughout the whole line of electric action. He imtnediate 
effect of that dilatation must be intense cold, the more intense 
the more rapid the process ; and the humidity immediately in- 
volved in it will be congealed, but with a speed and violence 
incompatible with crj'stallization. Both Sir J. Herschel and 
M. Arago state that hailstones are due to sudden and intense 
cold; and whence can this come but from dilatation produced 
by electricity ? Hence the nuclei of the hailstones. The cloud 
around the area of dilatation will be compressed, and thereby 
brought to a state of saturation. This abundant moisture is 
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quickly gathered by the intensely cold naclei, which collect 
ice in falling as long as they retain, excess of cold. Falling 
faster than liquid drops, they grow larger at the lower end ; 
hence they are often pear-shaped. Strong wind might pro- 
duce the same effect Thunderstorms over plains always 
advance in lines with Uttle breadth. No reason can be assigned 
for the narrowness of hailstorms, except their dependence on 
electricity. 
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CHAPTER XXTI. 

Magnetism. — ^PropertdeB of tlie Magnet. — ^Terresbial MagnetisiiL — Declina- 
tion of the Keedle — ita History — Variation, Diurnal and Annual. — In- 
clination or Dip — its Changes — Intenraty. — Isogonal, Isoclinal, and 
Isodynamic Lines. — Magnetic Equator. — Table of Magnetic Elements. — 
Magnetic Storms. — Theory of Terrestrial Magnetism — Haosteen — 
Gauss — Ampere. — Power of Magnetiam evinced in Basaltic Columns. 

Magnetibm, or the pecnliar property exhibited by the natnral 
magnet (an oxide of iron), or by a magnetized bar of iron or 
steel, is now recognized as a form or consequence of electricity-. 
A current of electricity passing through a helix or coil of wire 
insulated throughout will cause deviations in a magnetic needle 
suspended in the axis of the coil, or will render magnetic a 
needle of soft iron placed in the same position. Reciprocally a 
magnet can be made to produce an electric current in a sur- 
rounding coil. In magnetism, therefore, we seem to have elec- 
tricity in a fixed condition or deprived of volatility. 

The phenomena of the magnet are as follows : — It attracts iron 
with a force increasing from the middle of the bar to its extre- 
mities, which are its poles. A magnet freely suspended assumes 
a certain position with respect to the meridian, one pole pointing 
towards the north the other to the sonth. If two magnetic 
needles be brought together, it will be found that the poles of the 
same denomination (that is, northern or sonthem) repel each 
other, while between those of difierent names there is mutual at- 
traction. The poles of the magnet, therefore, exhibit antagonism, 
like that of the two electricities, positive and negative. An insu- 
lated conductor in which electricity has been developed by in- 
duction closely resembles a magnet. If the inducing electricity 
be positive, that of the conductor will be negative at the end 
where the induction takes place, and positive at the other ex- 
tremity. 

The peculiar attractive and repulsive powers of the natural 
magnet (oxide of iron), or of the magnetized iron bar, are not 
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inally inherent in them ; but iron being under certain con- 
ditions susceptible ot" magnetism, takes it from tie earth, which is 
pervioded by it, as the atmosphere bj electridty. Terrestrial 
magnetism, which alone is here to be consideredj becomes mani- 
fest by its influence on the magnetic needle, varying with time 
and piac^ over the earth. Consequpntly a ma^^net freely sus- 
pended tissuraes, iis already stated, a certain position in relation 
to the earth'a axis. This position, or tJio angle made by the 
magnet with the meridian at any one place or time, can be 
learned only by obaei-vation. One pole of tlie needle points 
towards the north, the other toiAfai^s the south. There are, how- 
everj only two lines on the earth's surface on which it pointa 
exactly to the north or south, and where the magnetic and 
geographieal meridians appear to coincide. Elsewhere the neeille 
deviatea more or less from the meridian ; and this angle of devi- 
ation, commonly called the variation of the compass, but more 
correctly the declination, varies from place to place, and in the 
course of time at the same place. (See Plate of Isogonals.) 

In 1576 the needle in London pointed to 11° 16 East of North, 
or that was the amount of eastern declination. Moving; west- 
words, it coincided about 16G0 with the meridian, and there was 
no declination. Still going westwards, however, it reached, in 
1814, its maximum western declination (^4"^ 20'), and began 
again to move eastwards, not regularly but altogether at the 
rate of about five minutes in a year. The declination at Green- 
wich is therefore at present 19"^ 15' W. The lines of equal decli- 
nation are also called Isogonal linos, because on them the angles 
made by the needle with the meridian are all equal. The name 
magnetic meridians sometimes given to them does not in any 
degree express their character. Thoy are so irregular in figure, 
and the laws of their variations are still so imperfectly known, 
that their positions in suecessiive years cannot bo predicted, but 
must he left to future obsen'ation. It is ob\nous that they all 
pass through the magnetic poles (fig. 101). 

The declination of the needle is subject to daily and annual 
V'ariations. The diurnal variation was discovered by Graham in 
1722. From sunrise till about an hour after noon the north 
point of the needle movea westwards j it then returns slowly 
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and Temmes its first position abuut lU o'clock at night, and them 
remains unmoved till moming. This variation omoants in the 
mean in summer to 13 or 15 minutes, in winter to only 5 or €. 

Fijr. 101, 



leogonsJ Linee on the yorlh^polar PiojectioiL 

The time of the extreme delations is not the same everywhere : 
at Freyberg they occur an hoar earlier tjiaji at Easan. In Ice- 
land, and prolablj all countries near the poles, the diurnal move- 
ments of the needle are more regular and strongly marked than 
elsewhere ; near the oqoator they are ieelple though still ohsop- 
vable. They are rarely exactly alike on two days in succession. 
In tJiese variations, most a<:tive during daylight, it is easy to 
recognize the efFect of the san above the; horizon. 

The annual variation again^ being regulated by tie eijuinoxea 
and solstices, points to the same influence. From January to 
April the needle recedes from the north pole, and the westom 
declination incmsee. From April to the beginning of July, or 
from the vernal equinox to the summer solstice, it decreases. It 
then goes westward again, but more slowly, till tlie nest venud 
equinoX} moving eastward for three months and back fl^in in 
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nine. The movement to the west continaed^ it has been Been, 
154 years {from 1660 to 1814); and two centimes at least are 
likely to elapsp hefore the eastern limits of tlie needle-excursion 
can l«5 learned by observation. 

When a steel bar or needle nicely balanced, in the middle is 
magnetized, its equipoise is thereby destroyed, and the extromity 
ol'it, attracted by the nearer marrnetic pole of the earth, points 
more or less downwards. The angle thug made by it with the 
horizon is called the Dip of Inclination, and the lines marking 
etjuai ineliiiixtions are described as Isoclinal Hnea. They intersect 
the isogonal lines nearly at right angles, and are often called 
magnetic parallBlsj though in truth they are rarrly parallel. Thfl 
dip has been decreasing ever since it waa. first obserrwi in 1671. 
It waa then 75°, it is now (at Greenwich) 67° 42^, and would 
SppiUt from its abating rate of change^ to be not far from its 
minimum. 

If a magnetic needle be suspended or supported at the centre of 
a divided circle, so that it moves freely in the plane of the circle, 
that again being placed in an isogonal line, the circle will then 
measure the dip, which will increase towards the magnetic pole, 
where the needle, it ia generally stated, hangfl vertically ; but 
that would take place only if the magnetic attraction proo?eded 
from^ the centre of the earth, which is certainly not the case. 
The exact determination of the magnetic polo or point of greatest 
inclination and intensity combined is a. problem of great im- 
poi-tanco. The line of no dip, called by some the magnetic 
equator^ runs round the earth, naaking an angle of about 12® 
with the equator, and dividing it oneqnally. 

If the djppii]g-needlc, as the magnet mounted so as to measmv 
tlie inclination is called, be momentarily moved from its poeitioay 
when at rest in the plane of equal declination it will oscillate 
about that position with an activity proportional to the force 
which calls it back to its place of rest. The rate of oscillation of 
a needle duly suspended for this purpose varios in the dupli«ite 
ratio of the magnetic force, and tbns shows the intensity of the 
latter, which is found to increase from the equator to the polos 
in the ratio of 5 to 9 ; but the horieontal intensity, which is that 
generally observed, varies as the cosine of inclination, and 
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therefor^^ nnlike tho vertical intensity, increases from the pole to 
the eqaator. Declination, inclination, and intensity^ marked out 
bv the isogonaj, isoclinal, and isodrnajiiic lines, are the three 
elements from which we ascertain the distribution of magnetism 
over the earth's siirtaoe. 

The line of no dip is close to the line supposed to bisect and 
be at right tingles to the isogonab. They both receive the title 
of magnetic equator ; near them also is the line of least intent^ity. 
Matt^rials are w anting for the determination of these lines, but it 
is i%rtain that they are distinct. The first of these, the line of 
ao dip or inclination^ has attracted moat observation' It waft 
found by Dnperrey in 1828 to lie as follows : — Near the western 
side of Africa, in about long. 18^ E., going westwardi^, it cforssed 
the equator from N. to S., and reached its greatest distance from 
that line (14'^2(>') in lat. 2ti° S, It then crossed South America, 
leaning to the N., and approaching close to tho equator a little 
to the west of the Galapagos Islands. It clung to that line 
without crossing it ; but jnst touching it in long. llJ^^W., turned 
again &outhwardi», and reached lat. 3° 15' S. in long. 161°^ W. ; 
it then inclined northwards, and in long. 184^ W. it cut the 
eqtmtor nearly in the meridian of the Mulgrave Islands. In the 
meridian of the Philippine Islands, long. 130" E., it rose to 
lat. 9^ N.J and further west near the Golf of Siaui fell to laL 
7° 44' N. Then again in the Indian Ocean near Easf^m Africa 
it attained its greatest nortbtTn latitude, 11° 47', and thenoe 
descended to the equator. Thus it cnt this line unequally, about 
200° being south of it and HJO° to the north. The line of no 
inclination or magnetic equgtor^f as Duperrey dwnaed it, has 
unquestionably undergone since Ida time changes of pogition, 
cutting the equator further west, but no alteration of general 
character. 

Of the lines of no declination or zero-isogonalfi, one passes 
tlirough tho American continent from N.X.W. to S.S.E., bending 
in the Northern Atlantic Oc^rn more to the eastward, and me<?ting 
the meridian of Greejiwich in about lat. HP S. The other, on 
tlie oppofiite side of the globe, runs through the ^~hlte Sea and 
Biastem Russia, across the Caspian Sea, and dose to the Malabar 
coast, and thenoe ^uth-eastnards to Western Austrudiu. Fur- 
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(Jier fjiat, in China and Siberia, eaatem and western declimttiDnB 

appear so unaccountably iutermixed, and scanty matorials have 
given birtb to such widely difForent conetructions, that it ia 
utterly impo&aible io give an intelligible account of thu iso^onal 
line in a few pagps, or a gatisftietory one in a volume. SomB 
idea of them may be formed by the study and comparison of 
maps of magnetic curves. The isogonaU of Eastern Asia, as we 
find them reprpsented^ cjannot be reconciled with any theory 
hitherto proposed as to tho seat or caase of magnetic attraction ; 
nor are the changes through which the whole system must pasa 
in tho cycle of secnlar variation yet completely known. 

It wa& discovered by M, Hanstcen, the Norwegiun philosopher, 
that nia|!;netic intensity also h:ia its diurnal and annual variations. 
It generally decreases in th6 morning till 11 oVJock, and then 
goes on increasing till 4 o'ctopk in the afternoon in ■tvinter, fj or 
8 o'clock in suimner. Its absolute minimum occurs in January, 
its maximum in July. These iBsults, found in the northern 
hemisphere, bear further testimony to the influence of the sun. 
It can hardly be doubted that the Inclination or Dip also has 
Us daily variations, thongh, being; observable only with very 
delicate apparatus^ they have hitherto escaped notice. 

Terrestrial magnetism 19 not conHned to the surface of the 
earth. At the greatest height reached by MM. Biot and Gay de 
Lussac in 1804 (21,600 feet), they found its intensity little 
diminished. 

The character of the magnetic elements, isogonal, isoclinal, 
and isudynamic (or, in other words, the decimation, the inclina- 
tion or dip, and the horizontal intensity), may be learned by 
Inspection of the following brief Table" : — 

Year. Deelin. Lactiii. Intensty. 

Ureenwich 1H50 h 2b'*5 68 4^ 1'739 

Dublin 1845 27 ^ 41 1-B89 

Paris 1850 20 35-8 66 42-2 1-858 

Bcrlm 1845 IB 32 67 Sb 1-780 

Leipzig 1850 15 438 fJT 5 1-831 

* The B]gn minus (-) is prafixed in this Tablu to Eagtern DediaatioD and 
Souihem Indinntioa. 
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most remarkable in these phenomena ia the immense area over 
which they are simultaneously manifested* Perhaps it may be 
boldly asserted that they extend .it once over tlio whole earth. 
Tho magnetic storms ohserved at Toronto in Canada have been 
found to bo simiilf-ineous with those of Hobarton, Tasmania. 
It has been a,'3certAined dso that tliti needle ia disturbed when- 
ever the phenomena of Aurora Polaris are visible ; whence all dis- 
turbances maybe easily explained, since it can hardly be doubted 
that auroral phenomena are always observable at one or the 
other pole. 

The theory which first offers itself for the explanation of ter- 
restrial magnetism is that the earth itaell'is a magnet, the axis 
of which does not coincide with the axis of revolution, and there- 
fore the magnetic poles are at some distance from, those in whicH 
the geographical meridians tmite. But it was demonstrated by 
M. Blot, from a carei'ul analysis of observationa, that the poles of 
the hypothetical magnet cannot be near the earth's surface, and 
that in order to reconcile or reduce to one system the magnetica! 
phenomena of the globe, it h necessary to assimie that the poles 
or attracting points are near the centre and not far asmider. On 
tlie other band^ great heat and magnetic development are fonnd 
to be incompatible ; consequently it cannot be supposed that 
any magnetic force really emanates from the deep interior of the 
globe or the vicinity of its centre. The hypothetical magnet 
within the earth 13 therefore a mere speculative phantom ; and it 
must }j© assumed that terrestrial magnetism is generated on the 
earth^s surface, in obedience to laws which, owing to tiie spheri- 
city of that surface, refer it more or less entirely to the centre. 

Nevertheless M. Hansteen, who devoted hia life to the study of 
terrestrial magnetism, ventured to conclude that all its pheno- 
mena may be accounted for by tho supposition of two magnets 
within the earth and prolonged to the surfacCj thus forming two 
magnetic poles, a stronger and weaker, in each hemisphere. 
These poles revolve^ according to him, 

The Northern Strong pole in 1890 years^ 
The Southern Strong pole in 4605 „ 
The Northern Weak pole in 8H0 „ 
The Southern Weak pole in 1303 ., 

2 c 
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The position of the poles were, in 1810 : — 



l«t N. Long. W. 

Strong N. P. 69 45 91 28 
Weak N. P. 85 18 135 54 



Lftt S. . Long. E. 

Strong S. P. Qh 59 133 2i 
Weak S.P. 78 3 133 14 



Bat all these calcnlationSj though the fruit of persevering 
laboor, evidently rested on no better foundation than hypotheses 
acconunodated as mnch as possible to the explanation of phe- 
nomena, and recommended solely by their convenience. Han- 
steen's doctrine, therefore, was destined to give way to any 
mode of explanation which, relying on physical laws as known 
on the earth^s surface, could dispense with internal magnets and 
onderground machinery'. It ^-ielded, therefore, to the theory of 
Grauss, which had the advantage of simplicity, admitting only 
two magnetic poles ; and yet, since it allows the existence in 
the northern hemisphere of two points of maximum intensity, its 
aimplicitj' seems more verbal than real. 

Since magnetism may be but a mode of electricity, and elec- 
tricity is continually active in and above the surface of the earth, 
it was natural to look to the latter for the source of terrestrial 
magnetism. Hence M. Ampere, distinguished by his remarkable 
discoveries in electricity, maintained that magnetism is the 
resnlt of electric currents passing roond the globe irom east to 
west ; and his opinion prevailed for a time, being adopted by 
philosophers of great eminence. He ascribed its variations to 
fluctuations in those currents due to changes of temperature. 
This theory offers no explanation, either of the singnlar unsym- 
metrical distribution of magnetism over the globe, or of its 
periodical changes. There are others, again, who believe terres- 
trial magnetism to be derived directly from the sun. Its periods 
of variation, diurnal and annual, are obviously- regulated by 
solar time, and its disturbances (the magnetic storms) seem to 
be connected with the solar spots, both phenomena recurring in 
greatest frequency at intenals of ll'll years. The sun figures 
in this theory as a powerful magnet, while the earth takes the 
place of the soft iron, in which magnetism is induced. The 
moon, too, by reacting on the earth, has its share in the dinnud 



THE MAGNETISM OF BA6ALT10 OOLUMHS. 



387 



variations of the n&edlo. In sbortj the phenomena of tBrrestrial 
niagnetisra are extremely complicated, proceeding from several 
ditlLTent forces, acting indepenJentlyj with various laws. Direct^ 
itidueod, and reflected forces are blended together, while inci- 
dental electric cmrente interfere to disturb the results and make 
S.U uncertain. 

Magnetism, it is weU known, is communicable by attrition and, 
other means to bodies capable of receiving it. The loadstone or 
natural magnet is an irou-ore which has received its magnetism 
from the earth. In its presence, or in contact with itj, a bar of 
soft iron becomes magnetic ; a bar of steel not only receives tlie 
maj^'netisni, but retains it. That the loadstone owes itjs magnetic 
properties to the earth is very evident. A bar of iron placed 
in the magnetic meridian, with the inclination of the dipping- 
needle, will become in a short time magnetic. Hence it is not 
surprising that basaltic coluums (such as those at the Giant's 
Causeway) containing a large proportion of iron, and sloping to 
the norf h in a position which may at one time Lave coincided with 
the dechnatton and inclination of tcrreBtrial magnetism, should 
be highly magnetic. 

But it seems to have escaped observation that magnetism may 
possibly have had somo share in the formation of those columns, or 
the metamorphosis, us it may be called, of the basalt. If we suppose 
the basalt, when first solidiiiGd and cooling, to have been acted on 
by some cohesive principle porjieiidicular to the surface, this 
would tend to separate the m-iss into pricims, and, the mass being 
uniform throughout, into equal prisms or circular columns 
pressed elo9e together — that is to say, into hexagonal columns* 
These columns would resemble to some extent bars of iron. Again, 
they arc di%-ided into joints, which are supposed to be united by 
what is called articulation, the convex extremity of one joint 
being inserted into the concave end of the succeeding jomt, 
and these concave and convex faces being, as the 
matter is generally repregentedj turned irregularly up 
B or dowTi. But this mode of representing the so-called 

^^-^ articulation Is totully erroneous. The truth ia, that 
the joint of the Ijasaltic column is convex at both 
ends (a and l>j fig. 102) ; the portion c, therefore, that 
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Fig. 103 



binds the joints together is a double concaTe ; and 
according as this loses its hold above or 
below, the joint broken off is convex or 
concave. 

PI Now if a well-proportioned magnet (M N, 
fig. 103) be carefully examined, it will be 
fomid that its pole or maximmn power is 
not at its extremitj-, but a little farther in at a, and 
that it retires from the angles^ so as to form a 
convex line (6 a c) within and towards 
Fig. 104. the end of the magnet. Again, a dispro- 
portioned magnet or verj- long bar (fig. 10-4) 
will be found to bo in reality a series of 
magnets, with separate neutral points and 
poles, the latter increasing in strength to- 
wards the extremities of the bar. Thus it 
appears that the division of the basaltic 
column (fig. 105) closely resembles that 
which might be produced by magnetism, 
supposing that this could, in the course of 
time, effect a change in the cohesion of sur- 
faces. It may be added that the texture of 
the basalt between the joints differs from 
tho rest, so that its outlines on the two joints 
which it connects can be almost always 
traced by a practiced eye. 
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CHAPTER XXVri. 

Aurora Polaris.' — Interphange of Electricitj betM-een the Pole and Eq^uator,— 
M. de la Rive'fi Theory. — Tie Electric Brush.— Phenomena of Aurorft 
deecribed — rarely complete. — CoBDiical Oriipiii of Aurora di^proYed. — ■ 
Praf. Olmeted^e Tiewe,^ — Pheoomeiia widely visible not therefore 
Cosmical. — Aurora not eq^uallj riaible horn all aides — Ita great 
Velocity — nn Opticjil Phenomoaon — Zone of its frequent xVppearance. 

A CIRCULATION of electricity lakes place between the eqoator 
and the polcs^ the intcrcLange of their electricities thus effected 
between the atmosphere aud the groand reuniting the accumu- 
lations on both sides nnd restoring equilibrium. It has been 
pointed out hy M. de \n Rive that the redundant positive 
electricity of the equatorial atmosphere arising from the ocean 
is home by aerial currents to the poles, and there exhibits ori a 
great scale the phenomena that draw atttntion to tbs experiment 
of the electric egg. Let a glass Tessel of oval shape, and tubular 
at lioth ends, be fitted with brass rods terminating within in 
j^mall balls, the upper one moiTiig in a collar of leather, the 
lower one communicating with the ground and fixed in the 
tnbej which must bo so framed as to admit of being connected 
with an air-pump (fig. lOCI). Now the brass balls being a few 
inches asunder, whenever a charge from an electric 
machine passes to the upper brass rod, a spark wiU 
at the same instant pass from the upper to the 
lower ball ; hut if the air in the gliiss ball lie 
partially withdrawn, the sparks divide into threads 
of purplish -coloured light curred outwards in the 
middle, so as to form an oval figure (]> 71). If the 
exhaustion of the air be carried further the hght 
becomes more diHnsed, var)-ing in Imllinucy and 
colour with the distance between the halls and the 
strength of the electricity. The jets of light are 
always most brilliant at the top near the positive 
electricity, with a colour inclining to purple. The 
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ba« of the egg has a violet hue, and is separated from the hrass 
ball bj a black line. 

But if the brass rods bo removed, and instead of them a 
magnetized bar connected from below with the electric machine 
be placed in the exhausted vessel, the electric egg will be more 
completely developed from the edges of the magnet, roond which 
it will revolve, its colonrs varying, as in the preceding case, with 
the degree of exhaustion and other circumstances (fig. 107). A 
large share of the gorgeous display seen in j^. jq?, 

the aurora is due to clouds and vapours 
rendered luminous by electricity ; but the 
jets of light shot up towards the zenith owe 
their colonrs to the tenuity of the air in 
the upper regions of the atmosphere. 

The phenomena of the anrora polaris, in 
their general and essential outlines, have 
been described by A. von Humboldt in the 
following words : — " Low down on the 
horizon, about the part where it is inter- 
sected by the magnetic meridian, the sky, 
which was previously clear, is darkened by 
an appearance resembling a dense bank or 
haze, which gradually rises and attains a height of 8 or 10 de- 
grees. The colour of the dark segment passes into brown or 
violet, and stars are risible through it as in a part of the sky 
obscured by thick smoke. A broad luminous arch, tirst white, 
then yellow, bounds the dark segment ; but as the bright arch 
does not appear till after the segment, Argelander is of opinion 
that the darkness of the latter cannot be attributed to the mere 
effect of contrast. The azimuth of the highest point of the 
luminous arch, when carefully measured, has been usually found 
not quite in the magnetic meridian, but from five io eighteen 
degrees from it, on the side towards which the magnetic decli- 
nation of the place is directed. In high northern latitudes, in 
the near vicinity of the magnetic pole, the dark segment ap- 
pears less dark, and sometimes is not seen at all ; and in the 
same localities, where the horizontal magnetic force is weakest, 
the middle of the luminous arch deviates most widely from the 
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magnetic meridian- The luminous arch nndergocs freqneut 
flucLuntiqng of form ; it remains Bomptimes for hours before rays 
and striiamers are seen to ahoot from it and rise to tho zenitfa. 
The more intense the discliarg(?s of tho aurora, the more vivid 
is the play of colours, from v'iolet and bluish whitOy through all 
gradations to groen and crimson. In the common electricity 
excited by friction, it is also found that the spark becomes coJonred 
only where a violent explosion follows high tension. At one 
moment the magnetic streamers rise singly, and are even inter- 
5[iersed with dark raya resembling dense smoke ; at another 
they Bhoot upwnrrla simultmieously froni many and opposite 
points of the horizon, and unite in a quivering sea of flame, the 
splendour of which no description can reach, for ever^' instant 
its bright waves assume new forma. The intensity of this light 
is sometimes so great, tluit Lowenorn (in January 178*i) dis- 
cerned its coruscations in bright sunshine. Motion increases 
the visibility of the phenomenon. The rays finally cluster round 
tho point in the ^ky corresponding to tho direction of the dip- 
j>ing-neefUe, and there form what is called the corona. When 
this takes place the display terminates. The streamers now he- 
come fewer) shoH^^r, and leas intensely colonred ; the corona and 
tho luminous arches break np, and soon nothing is seen but 
irregularly scattered, broad, pale, shirting patches of an ash-grey 
colour ; and even thpse vanish before the trace of tho original 
dark segnient has disappeared from the horizon. The last that 
remains of the whalo spectacle is often merely a white delicate 
cloud, feathered at tho edges, or broken up into small round 
masses like cirro-cumuli." 

To this account of tho aurora it only needs to he added that 
the corona which completes tho spectacle is verj' rarely seen at 
a distance from the magnetic pole. Tho nativcfi of north-polar 
regions all state that the coruscations of the aurora are attended 
with a rustling sonnd ; and Enropean scientific inquirers hnro in 
ahuost every instance given credit to the testimony of tho 
natives, though they have not themselves heard the soimd in 
question, Von WrangeU, indeed, acknowledges that be did 
hear " a slight hissing wiund as when tho wind blows on a 
flame." The allusion to Lowenorn calls to mind the fact that 
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Dr. Heniy Usher observed in Ireland, in May 1778, an aurora 
in broad daj-Hgbt, and that his observation was found by Arago 
to be confirmed by the records of magnetical disturbance in the 
Observatory at Paris, 

The cosmical Datura; ascribed by some to the aurora was folly 
disproved by Biot, when be observed at the Shetland Islands 
that the anroral arch did not revolve with the stars. That ■ 
eosmieal phenomenon taking place beyond the earth's atmo- 
spherp should be attach£>d to a. particular point of the earth's 
surface, and constant during its appearance on a particular 
meridian, is highly improbable. But there is abundant testi- 
mony to prove that the aurora is often no higher than the 
clouds, and may descend to the surface of the earth. Dr. 
Richardson, Captains Parry, Back, and Hood, and Von WnmgeU, 
nearly all, indeed, who have bad opportunities of consbmtly ob- 
serving the aurora^ suppose it to have but a moderate elevation 
in the atmosphere. Gisler walked through it on the Norwe^an 
highlands, and felt the electricity on his face. It is certain that 
the elevated haze and clouds (cirri) take a part in its display — 
that, in short, the more etwlfast portion of the anroral spectacle, 
the arch of light, is formed of cloud or haze rendered luminous 
by the electricity ; and it has been frequently observed that the 
clouds retain for some time after an aurora the figure or ar- 
rangement given them by the electric- iuHuenoe. Thus Von 
Wrangell says th&t the streamers resolve themsdlves into 
luminous patches, " which frequently continue to be ^-isible on 
the following day in the shape of white wave^like clouds-" And, 
a^ji, he remarks, " The aurora does not always occupy the 
higher regions of the atmosphere ; it is usnallv nearer the sur- 
face of the earth ; and this is shown hy the visible influence of 
the lower current of the atmosphere in the beams of the aurora. 
We have frequently soon the effect of the wind on the streamers; 
as obvious as it is on the clouds ; and it is almost alwavs the 
wind which is blowing at the surface of the earth.** 

M. do la Rive's theory has not met with universal acceptance. 
Professor Denison Ohnsted, in the United States, maintains that 
the aurora (to the phenomena of which he has paid much atten- 
tion) is cofitnicot or beyond the earth's utniospbere,.a]id not in 
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its cause connected with tie earth. These conclusions he founds, 
first, on the great extent of the phenomenon. The aurora of 
November 1848 whs viaihle everywhere froin SnijrniL west- 
wards to San FninciscOj on the shores of the Pacific Ocean ; and 
he thinks it unlikely that a merely atmospheric phenomenon 
Biionld extend round nearly half of the glohe ; hut the height to 
which he would elevate it (lUO miles) could avail little to remove 
this difficidty. 

And, indeed, we do not understand how the improbability 
SiippoSLxl to attach to the great extent of the phenomenon is 
diminished by removing the ring of light on the arch further 
from its apjiarent centre, and thua increasing its extension. 
Probability seems to have been in this insfamce arbitrarily calcu- 
lated, in accordance with the desire to expel the pbeuomeuou 
from within the atmosphere. Since hailstorms, rarely extending 
beyond five milog and falling from a moderate heightj have 
been known to extead in a few hours over a thousand miles, we 
can have no difficulty in believing that an electric disturbance 
may embrace 10,000 miles. A phenomenon visible IGO milesi 
from the earth may be naturally supposed to be an emanation 
from the earth. Certainly, if its character ia to be determined 
by a comparison of its distances from the earth and from the 
heavens, it must be called terrestrial and not cosmical. 

Secondly, aurora is often risible at the same hour at places 
diflering ■widely in longitude, as London and New York ; the 
phenomenon must be supposed therefore either to travel west- 
wards in the atmosphere at the rate of the eartb^s rotation^ or to 
be fixed in position outside the atmo^iphcrc ; and the latter is the 
alternative preferred by Prof* Olmsted. He does not perceive 
that the assumption which seems to remove difficulty in some 
few eases, creates it in many more ; for were the aurora a 
substantial reality and cosmical fixture, it ought, when visible at 
any place, to be visible everywhere ou the same parallel at leaist. 
But supposing it to be within the atmosphere and a consequence 
of atmospheric electricity, the fact that it is everywhere most 
conspicuous two hours before and two hours after midnight, ap- 
pears to us to be the natural law, not so much of the existence 
of the aurora as of its visibility. It is visible at the same time 
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at places widely apart in longitude ; bnt we learn that the arch 
of the aurora is found to be a portion of a small circle parallel 
to the earth*s surface ; it may therefore be part of a ring round 
the earth's axis. If a luminous ring were formed round the 
earth near the pole, it would be visible ft'om all longitudes ; all 
would see a similar part of the same auroral ring. 

Tliirdly, its velocity is too great for terrestrial matter, and not 
sufficient for electricity. Bat what is the velocity here spoken of 
but that of the luminous waves streaming upwards ? If the well- 
excited cylinder of an electrical machine be pressed with a dry 
hand, streams of blue light will issue from it, analogous to the 
streamers of the aurora. Their velocity is not that of electricity, 
but of the electrical excitement whose propagation they mark. 
The velocity of one electricity accumulating is not to be con- 
founded with that of the recombination of electricities — that is, 
with the electric current. 

Fourthly, wo are told that the periodicity of the aurora 
proves its cosmical nature ; hut its periodicity is at present 
merely conjectural : we only know that its occurrence is 
irregular ; and that irregularity is the characteristic of atmo- 
spheric phenomena, most of which are at the same time perio- 
dical. We know also that its periodicity would seem to con- 
nect it \v\ih the magnetism of the earth, which is terrestrial 
under cosmical influence. 

The frequency of aurora borealis does not depend on distance 
from the north pole ; it evidently increases in the direction of 
the American continent, as if the phenomenon emanated from 
the magnetic pole discovered by Sir J. Ross, in lat. 70° 5* N., 
long. 99° 12' W., to the north-west of Hudson's Bay. It is seen, 
we are told, in Havana about six times in a century. This 
number, as we go northwards, increases at the 40th parallel to 
10, at the 42nd to 20 a year ; in lat. 45° it becomes 40, in 
lat. 50° 80 annually. In lat. 62°, near Hudson's Strait, auroras 
are seen almost every night, and often to the south. Further 
north they appear generally to the south, declining in frequency 
and complete development towards the north pole. In lat. 78°, 
near Smith's Strait, the spectacle of the aurora occurs only 
about ten times in a year. In the meridian of St. Petersburgh 
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tha zono of oighty auroras begins not at the 50th bnt at the 
C6ih, and continues to the 75th parnllol. At Point Barrow^ in 
lat. 74°, on the northern coast of America, aurora w;is seen by 
Oapfaiin M^CUntock once for every three nights of observation, 
and wonid be visible, it was thought, erery night if not concealed 
by stormy skies. From that point, a little further north than 
tho magnetic pole, it was always st?on in the south. Surely the 
tmequal and locally partial distribution of the anrora on tiie 
■earth tend to prove that it is not a cosmical phenomenon. 

Tho cosnnral theory of ProfcBsor Ohnsted seoms to rely too 
much on the assumption that the aurora is in substance and 
position a real and not a meroly optical object, and on tho fal- 
lacious obaerTations of parallax, wLicli soem to prove its great 
height, A man may ride a few mileSj and have all the time a. 
rainbow witlun a hundred yards of him on one side. He calls it 
- the same rainbow ', but as it has continually changed pliice with 
his movements, being an arch of which his eye is the centre, it 
eWJently had only optical existence. Now in tlie case of an 
aurora every one sees tlie summit of the arch near his own 
magiietic4il mendlan ; and consequently observers on different 
magnetical meridians look at different objects, or rather see the, 
same fignre in different plac-es. Bnt, besides, let it bo considered 
that the lino which definitely limits the upper edge of a fog bank 
IS only optically real, and undergoes no change of latitude as we 
approach or retire from it, so the margin of a faint3y illmnineJ 
cloud owes its distinctness t-o a certain amount of density 
depending on the visual angle under which it is seen ; and con- 
sequently the wholo arch of the aurora probably changes place 
with the spectator- If the definition of tho figure depends in 
any degree on the visual angle, the effect must b© to diminish 
tho apparent parallax, and to make the phenomenon appear 
more distant than it really is. 

The aurora, though generally known as only an occasional 
appearance, is probably the wide manifestation of a phenomenon 
which rarely ceases^ though not extensively \'isible, either from 
want of intensity or because screened by tho stato of the 
atmosphere. At Toronto in Canada it has boon observed 
201 nights in the year ; and those who have had most oppor- 
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tunity of observing it are also most inclined to believe it per- 
petual. 

However deficient may be the theory which refers the aurora 
to atmospheric electricity and terrestrial magnetism, it has the 
merit of seeking to explain phenomena by known physical 
agencies, and tracing their apparent subjection to known laws ; 
whereas the nebulous matter or ferruginous vapour supposed by 
Professor Olmsted to fill planetary space, to produce the zodiacal 
light, to Aisit the earth in the form of falling stars, or standing 
still to appear occasionally as aurora, is so little known, so 
eccentric and lawless, that it ought not to be resorted to by 
philosophers except as a last resource. 
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[APTER XXVIir. 

Liglit, ita Befractdon — Dbpemon.— The oppration of these ia a drop of Ruin 
— with oiie Reflection at two. — TLe Raiohow — why cifCulftT — di*- 
poeal of the Coloucs—Aagxilw Ltniits. — The Riiinbow a mere vimon 
only opticalty existing — variea in Magnitude inversely as the Sun 'a 
Altitude. — Refraclion in the Atmosphere, — IncurvatioD of Rny& of 
Light.^ — Objects Hiiaed hy Refraction. — locmTiDtioii inverted by jjreat 
lIiiHt. — Mirage. — Trftyeliere' Deacriptioiia, 

Among tiie phenomena of light, those alone that arise from 

refraction need to be here considered. When a ray of light 

(a 6, fig. 108) passes from one medium 

into another (m n p q) of difterent 

density or refractive power, in a 

cotirse perpendicular to the surface 

of the new medium, it continues its 

course unaltered ; but if it meet that 

snrfaee obhqnely, it is then more or 

loss deflectedj the refracted ray be 

approaching or retiring from s e 

the perpendieidar to the common sm-faco of the two media 

according as the medium entered is more or less dense than that 

preceding it. The refractive power varies in different bodies ; 

but in all cases the ratio of the sine of the angle of incidence s a 

to the eine of the angle of refraction c e is coostaiit under every 

variation of obliquity. 

The ray of light which has been thus deflected by refraction 

has this peculiarityj that it is no longer a single straiglH line, but 

becomes conical by di^persiou (a b Cj iift. 109) ; for aolar light is 

in truth compounded of rays of different 
^qualityjproducinjS; the sensations of varions "^' ^^' 

, eoloora and dittering also in refractive 

capability ; they may Consequently be sepa- 
rated by refractioDj, and made to diverge. 
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A ray of solar light (a fc, fig. 110) falling on a drop of water may 
at a certain angle of incidence enter it refracted towards the 
interior, and then, being reflected from the back of the drop rf, 
escape from the front with an inflection similar to tiiat under- 



flg. 110. 




gone on entering. The ray enters at a single 
point, then, dispersing after refraction, its 
components are reflected from different points, 
and, still diverging, issue from the drop more 
widely apart. The red rays (r) are the most 
refracted, then foUow the orange, yellow, green, *" "'' 
blue, indigo, and violet. But the solar ray may also enter the 
drop ^vith such an incidence that it cannot emerge from it with* 
out two reflections (fig. 111). In this case 
the incident and emergent rays cross each 
other, and the order of the colours is conse- 
quently inverted. Now if instead of consider- 
ing a single drop of water under the action of 
the sun's rays, we picture to ourselves an infinite number of 
drops in a falling cloud or shower of rain, we arrive at once at 
the explanation of the rainbow. 

A spectator, M (fig. 112), with his back to the sun and facing 
the curtain of falling rain, is in a position to see the coloured 

Fig. 112. 



Fig. 111. 





light reflected from the latter. The ra} s of the sun, on account 
of its great distance, may be assumed to fall parallel on all parts 
. of the cloud ; and if a line M r from the spectator's eve to the 
cloud, making a constant angle with the solar ray, be moved 
round the scene in front it will describe a portion of a circle, the 
centre of which lies in the plane that connects the spectator with 
the sun ; but the coloured light from the rain-drops is in every 
case strictly confined to the circular line marked bv that con- 
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Btant angle, Tbe red rays, the most refractud, iasulng from the 
cloud make an angle of 42*^ 2' with the incident solar rays ; cou- 
scijuently tho spectator sees them iormmg an arcli at a height 
depending on tho sun'^s altitude. The violet and least refracte<i 
rays issue at an auglo ^^^ttl the incident rays of 40° 17' ; these aro 
the lowest as tho red aro the highest in tho primary rainbow ; 
the other colours lie intermediate between these two. Thus the 
rainbow formed with a single reflection, which is the more 
frequent and vividj has a breadth of 1° 45'. 

The rainbow of two reflections is mnch leaa brilliant than th6 
preceding, because repeated reflection ia a repeated loss of light ; 
its light is also curtailed in the first instance by oblique incidence. 
The violet rays are here uppermost, and make an angle with the 
incident solar rays of 54** l^, that of the red rays lieing 5'U'^59''; 
this bow, therefore, 1ms a breadth of 3° lO*. The distance 
between the primary and secondary bows is 8° 7'. 

Let it be observed that tho spectator, though not m the centre 
of the rainbow, sfandii in its axis connected witli ita centre. 
When a nmnher of [lersons therefore, M M M (fig. 113), look to- 
gether at ft rainbowj they may Bn]>pu8e tliat 
they all see tho same object j but, in fact, 
each individual sees his own bow, and 
stands hefore its centre. Then, as the $un''g 
rajs are all paraliel, the line drawn to »* *» m 

them from the spectator cut;; tbf!?m at aU distances {r r r^ 
fig. 112) at the same angle. Consequently each coloured light 
proceeds not from a single plane or distance, but is collected 
from all distanciiij in the saino direction. Thus the rainbow liaa 
only an optical existence, it^ place dependijig on that of the 
spectator. 

It is obvious that tho greater tbe sun's altitude, the lower must 
be the r.iinbow. An angle of 42° '2' must alwa^'s separate the solar 
rays from the lino of vision (fig. 114) directed to the red or 
upper edge of tbe primary bow. Tho latter line reaches its 
greatest elevation when the sun's rays, S A, are horizontal, 
or when the luminiuy is rising or setting. At sunrise or sun- 
sot, therefore, tbe rainbow may appear as a semicircle (B A C, 
fig. 114) with u diameter of S4P ; but aa the sun riaes above the 
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horizoD to 3' or S" tLe coloured bow most descead to A' or A' 

and when the stm attains at S"^' 

the altitude of 43° 2' the primary 

bow sinks in the horizon. Atmid- 

suramer, therefore, in lat- 52° N., 

when the ann rises to an altitude 

of 61% there can be no primarj- 

rainbow dcring nearly 3 hours 

about noontide. 

If wo suppose a. ray of light (a 6, 
fig. 115) to fall obliquely on a series of 
transparent and horizontal strata, increas- 
ing in density downwards, it will be 
deflected more and more towards the / 7 

vertical line as it descends through them ; ^ 

and if inste-ad of successive strata we 

suppose one medium eontinuuUy increasing in densitv down- 
wards (fig. 116), the refracted ray c h will be no longer a crooked 
line with a succession of angular joint*, p^ hq^ 

but a carve or line of continuous in- ; 

flection. Now the atmosphere is such 
a medium as that here described, grow- / 

ing continually denser towards the 
earth's surface, and every ray of light 
which does not come from ihe zenith 
must strike on it more or less obliquely. 
A ray of light, therefore, passing through 
the atmosphere describes in genend a 
carve (a i), the convexity of which is up- 
wards (fig. 117) ; and the ol)ject {/ being; 
seen in the direction of the ray that meets 
tlie eye at a, its apparent place is higher than its real place, or, 
in other words, it is raised by ordinary rofmction. This displaoe- 
ment neceftsarily increases with the obliquity of the incident ray ; 
it disappears totally at the altitude of 90^ or in the zenith, 19 
inconsiderable doivn to 45°, and thence increases rapidly till at 
the horizon it has a mean amount of about 33 minutes ; so that 
when we see the sun with a diameter of about 32 minutes, just 
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touching the ocean with its lower Hmb, it ia in reality entirely 
below tliB horizon. 

ThG Variations of refraction depending on ti^mperatufe atid 
the state of thw atmosphere have a range of more thiin two 
degrees, and, by displacing the viwible horizon, throw much un- 
certainty on observations of altitude. This inconvenience ia 
generally found by seamen to accompany extremes of tempo- 
ratnre. In the polar aeas the cold on and about the ice greatly 
increases the refraction, particularly if a warm mnd from lower 
latitudes prevails above. Within tJie tropics refraction variefl 
with the opposite characters of the land- and sea-winds, and at 
times increases ao as to bring within the visible horizon an almost 
incredible distance. An instance occurred, and occasioned much 
di&cugsion in natctical circles, some years ago of a pilot in 
Mauritintj descrj'infj a vessel at a distance of 200 miles ; and, 
strange as this may appeur, a wcll-anthcnticat-ed instance of the 
same kind subsequently occurred at Aden. A pilot at the latter 
place announced tliat he had seen from the heights the Bombay 
packet then nearly due. He stated precisely the direction in 
whicli he saw hor, and added (what seemed & rt^markable circum- 
stance) that her head was not tamed towards tlie port. This 
caused some at.^^n, and a steamer lying in the harbour waa sent 
out to meet the packet supposed to be disabled ; but it cruised 
abont for a whole day in the indicated direction to no purpose. 
In a conple of dayf, however, the packet entered the port, and 
it was then found that at the time when she waa announced by 
the pilot, she was exactly in the direction and position described 
by him, but 200 miles off. In this case the curvature of the 
visnal ray due to refraction was equal to that of the carth^s sur- 
face. In temperate climates the variation of refraction, though 
confined wifhin moderate limits, is yet cap;ible of prmiucing 
very remarkable effects. Snowdon is said to be now and then 
visible to the pilots in the Bay of Dublin, Two or three times 
in a century the Isle of Wight may be wen from Brighton ; in 
1829 it rose to view completely above the waves ao as to bfi 
visible to its very base ; the coast of France conld at the same 
time he traced as far .lonth perhaps as Dieppe. The same 
spectacle reappeared in 1855. 

•I U 
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Ordinary refraction in tbe atmosphere is a conseqnenw of the 
density of the ajr continuallj Increasiiig downwards. The rays 
of light are mcarvnted bj it, so as to turn their convexity up- 
wards ; and as the object is seen iu the direction of the ray which 
entf'rs the eye, it is raisetl by ordinaiy refraction alxjve its true 
place. But in opposite circumstances, or when the dfnser air is 
aboTG and the more raretted below, there may bo irregular or 
extraordijinri' refraction, which, bending the rav so as to make it 
convex downwards, depresses the ohject. lATien strata of air of 
unequal densities are irregnlarly intermixed, it frequently 
hap|>ens that groups of rays from the same object arc not uni- 
formly inflected, but rary in eurratnre acconling to their height 
above the grotmd, and cro&s each other before they reach the 
eye. The consequence of this is that the object is seen inverted. 
But there is nothing to prevent the eye sceinw at once an objiet 
itpright through uniform strata of the atmosphere and invert(>d 
and misplaced by irregular refraction. 

If iiu iron bar or a board of moderate length, blackened, l>o 
exposed to the son'a rays, it will soon become heated, and will 
radiate the heat in ^uch a manner as to rarefy the air near its 
siu-faee, the rarity diminish in;p; rapidly till at a little distance 
from it the air resumes its ordinary and uniform density. Now 
an eye suitably placed, and looking along the heated surface of 
the bar or board, may see an object directly through the nnifomi 
stratuui of air, and also at the enmc time see an inverted image 
of the same object by means of raye refracted through the un- 
equally rarelied strata. It is obvious that tlie refraction will 
grow stronger towards the heated snrface, and that the lowest 
I l»yB will be the most incniTat-ed, Consequently some mys from 
the upper part of the object, with a more descending course, 
'will cr(KS the loss iacurvated rays from ib lowur part, thus form- 
ing an inverted image. 

The phenomena of inverted and double images may also he 
exhibited on a small scale ajid witliin doors by an easv pxp«>ri- 
mcnt' Let a glass vessel be filled one third with snlphnric acid, 
another third with water |Joured ven^gentiv bv moans of blotting- 
paper on the acid, and the remainder with spirits of wine placed 
bv the same means gently od Iho water. These three fluids will 
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gradually mingle at thoir surfaces ; bnt for some time they will 
remain so distinct as to preaetit colltictivGly a transparent medium, 
incrcLsinjy rapiilly in donaity from the snrface downwards. If, 
ijow, a ^iip of pap^r with figures on it be affix'tHl to the glass at 
the bac^k, the eye on a level with the paper will sec the figures 
upright, and at a certain distance will also see them inverted 
al>orc tliw upright imago, the rarcfiud medium which inverts the 
image heinx hi that case uppemiost. 

At sea a cool breeze Iwneath n heated ntinosphero may cause a 
rapid change of density in the air near the surface, or, owing to 
the altumato play of land- and sea-winds, strata of air of different 
densities may be thrown together and remain for a time not 
intimately intermixed. In such cases " looming "^ ensues (an 
expression derived from the Italian " ^i/ffiff," light), or extraor^ 
dinary refraction with inverted and double images. Indeed it is 

rip. lis. 
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not unusual in looming to see two or three different horizons al 
a httlr distance apart, with images alternately upright and in- 
verted. AVlion this t-xkes place the sky has usually a pecnUar 
Icadi-n hne, which confounds it with the sea, and numerous 
parallel streaks in it seem as if endeavouring to mark the imppr- 
feotlv defined horizon. If those images he numerous and close 
together (which is most likely to occur in stniits betwoen Iwld 
coasts, where cold and hot winds blow altematflly), the repetition 
of the same figures in the vertical direction will produce a kind 
of symmetry, in which imagination may easily find a resemhlanee 
ii> arcbitecture. Such, probably, is the nature of the phenome- 
non peculiar to the Straits of Messina, and called the " Fata 
Morgana," the accounts of which, however, are probably not free 
from exaggeration and popular fiction. 

When the irregular refraction, which at sea h attended with 
what seamen call looming, tokes place on land, it produces the 
phenomenon known ns mirage- When a snnily plain or tract of 
bare^ ground is intensely heated by a burning sun, the air imine* 

2 D 2 
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diafcelj over it becomes, contrary to tbe general law, moat rare- 
fied where it 15 m contact with the ground, and increases in 
density for stune distance upwards. An object u little elevated — 
as, for instance, apalm-tree (P, fig. liy)^may be seen in its true 

Fig. 119. 



place and position through a imiform atratnin of tbe atmosphere 
at the level of the eye (A), while other rays passing near the 
heated ground and bent upward bring to tbe eye at the same 
time its inverted imago (P') ; for the lower rays being the most 
rtifracted cross the upper rays, and thus invert the image, Just aa 
reflection from a mirror or from a sheet of water would do. The 
inverted palra-tree appears tti be u reflection of that seen npright. 
The singular characteristic of mirage is this, that in the condition 
of the atmosphere producing it the low or level ground at a 
certain distance becoraea invisible. Rays of light are incurvated 
in their passage through the rarefied air near the ground, with 
their convexity downwards. Suppose H A (fig. 120) to be a ray 

Fig. 120. 



touching the ground at m io the plain B V, it is evident that an 
eye at A will see the point m, and beyond that H, which, being a 
descending line, may conic from tho sky ; but from the ground 
beyond m and helow H m no ray inflected in the maoner of 
WjnA can reach the eye at A. The spectator may see directly 
through an upper stratum a \-ilIage above the line m H. and also 
along this latter line an apparent reflection of the village ; he 
may see a caravan visible above the s.ime line and reflected just 
below it, but tbe ground beucith in H Mnnot bo seen (fig. 121). 
With the village is also reflected the background of the picture ; 
and that background is the sky, the repetition of which, 
extending to rUf or the liniit uf the visible plain, is mistaken for 
water. Ordinary refraction raises the visible horizon ; the 
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irreguJaT refraction that attends looming, on the contraiy, tonds 
to depress it. 

Fig. 121. 



Here it is necessauy to remark that descriptions of mirage are 

rarely faitlrfnl. Travellers, not content with the result of actnal 
observation, incauttously draw on their miderstandings for the par- 
ticulars of thepbenomnnaj of the nature of which they really know 
nothing, and thus deck them ont with impossibilities. Take the 
following example from the work of a missionary traveller : — 

" The tantalizing sart^h or mirage which had mocked our sight 
since wo entered this arid region increased with the power of the 

eun and tho refraction of his raya This treacherous 

phenomenon deludes tho traveller s eye with a regular succession 
of beautiful lakes and shady avenues ; and then again with an 
expanse of wa\-ing grass aj-ound a picturRsque villa ; here is 
presented a grove of towering trees, there a flock of browsing 
cattle," &c. From the explanation of mirage given above, it 
will be evident that it creates absolutely nothing. It merely 
effaces part of the scene and covers the blank with inverted 
images'of objects that rise above a certain level (if there be any 
such in view) and of the sky above them. This last is mistaken 
for watfir. As to the shady groves, picturesque villaa, the grass 
and cattle, they are delusions of imagination, unknown to and 
incompatible with mirage. But it ia not surprising that travel- 
lers make such mistakes, when a popular work on Physical 
Geography, frequently reedited, informs us that " mirage, or the 
delusive appearances of water, is owing to the reflection of light 
between two strata of air" — an account of the phenomenon which 
has no discoverable meaning- A reflection of light implies some 
visible object reflected. What is that object? 

Mirage may be seen nearly every day in summer in the plains 
of Lower Egypt ; and those who have often witnessed it will 



406 PHTSICAL OEOOBAf BT. 

testify that beaaty, brilUaiK^, and sedactiTeness are totally 
absent from it. Objects reflected from the surface of water 
acqnire a softer tint, a less decided outline, and are modified in 
figure and vividness by the nndolation of the reflecting medium. 
But the inverted figures in mirage add no variety to the picture ; 
they are as strongly marked and as warmly colonred as those of 
which they seem to be reflections ; and so long as the denser 
strata of the atmosphere are overhead, the light that penetrates to 
the surface of the earth has a lorid hue. 
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CUAITEH XXIX. 

rh4 ChAngM of CliiiiaU) on iW RnUi.— The RroMititcily ol Kh* RulK* 
OAil — £BWU i>r IE)* V«rinbiliU,^ tVM'nsiM^m uf Il«r lAiiiimu«*.~T«M« 
of 8Qecenivt> EcwutriritiM.— The Q\weUA IVrlv^.--Tlii) l\4»r S«v.»' 
e^'— OieilUliou o( thu Oe<Mn — Uypt>tLitw.w wvl|rbrtl — thji.vnli>n<0 
C&lcul&iioti&— Uiul'iitrtuity in ttit> CotirsA of Xatiu«.— i^huifEV in ih* 

As iuti?rt*3ting ntMl porplexinj^ im>hloiH^ iiitinintol)' i-ouihhHwI 

with terrostrial plivsiw, luu 1h*cii of liitii ywint liruiij^lit j*nimi- 

iiontly ibrwiirJ by |«t!!yuhtjiLuj(u*til n-swiTi'lu':*. Fntiu t\w!.il 

rcinams of plaiitis and niiiiimb it iiiay 1«' iHuirliitliHl lluil (iiMiiLlrii>« 

ttituatc far witliiu the puliir circle tniist niKt? luivit riguyt**) H tt^iil- 

I>i?rn(;e or oven ii wiirni tlimuic. Nut nicri'ly HPiitltT»Hl Iroon biii 

vc3tig(^s of forests, tjliicHy ol' h fin'i-ii* uf |*iiu', liwvn lionn «I1a» 

iVL'red on iho IslamU of Iho pulur »i.«ii iiorlli of tlit^ Aitiri'tiini 

continent;, up to ]iit. 7(J" N. ; inul liwipn of j*!iniltir Imiii'ii 

stems of pint.'-troea nrc fmiml in lliti froxcii (tui] on IImv norilhMii 

^lorcs of Siberia. On ihv otln-r liinitl, traci-H ul' lint furan'r ||iro- 

idoiiiinanco of gkuiur-iai may Im dt'touttMl in cotniijirativiily Itiw 

\yjititudo3. Uowarewo toncooiuit fur mui'Ii flitiiijii'n in tli<< ollnmfi" 

ioT tho glolK.'? The (ixj)lanjil.inii« IiiLlirrtti iilfcri'd ul' iIh'hh WhlU 

attested revolutions Luvo not liiul tlio niorlt of hnnnoiiixliiK vvitJi 

known natural laws, )nil liuvo nicri'ly suti^'lil. in ncirmnit fur onit 

»vondroua im-gularity by ancitlit^r. At l"iiifi)li, lniw<'v<ir, llio 

uiyatery seeniR to l>o cluarnd up, and tho rovohilitmii \n (|iii<Htlnn 

havvt been (racud to natural (-!jiim<H, inu vtwy wbirb, ifirol. wlitilly 

uaesceptionidilc, is uj. lofist jJiTtoctly rutioniil luid WflJ ffnind^-d, 

Tbo curlli rovolvcis in an orbit wblrh biiHnn ttllliilic-ity of iilioiit 
A sixtietb^tbat \» to any, t}ii!i dlntancu of tb^i niiri m mm Uu-\tH of 
tfieellipHu from tboniiUdbi point of thn axM in i^t[nti\ to u Hixti<ilii 
part of tbe Ewmi-axij-rf or tbo iiurlii'i* m'fan iWnUtivf' fvitm 111" turn. 
(JoRBC^iaently tbo iViMantti af thn t^nrih from the umi when fiirtbnMt 
from it, ur in ajibviion, » lu ilit di«l;inoo in |i<'ribi<lion, ur tbu 
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nearest point, as 61 to 59, the greatest distance exceeding the 
least by a thirtieth of the mean distance. The heat received 
from the san varies in the inverse duplicate ratio of the distauca 
of the iuniiDnry. In the present situation of the earthy there- 
fore^ the heat in perihelion wilJ be to that in aphelion aa 61' 
(3721) to 59' (3481), or will exceed it by abonta fifteenth of the 
mean heat. This an^nentation of solar heat by the addition of 
a certain proportional part of it requires a few words of eocpkna- 
tion. If the temperature of general space be a&smned to b* 
— 234° Fahr. (see p. 105), then the heat felt by na above that 
temperature must be all due to the snu j and any latitude on the 
earth's surface^ say 52°, which has in aphelion a mean summer 
temperatmti of 64° or 29b° above the temperature of space, will 
in perihelion have its snmmer temperature increased by a fifteenth 
of the last sum, or verj- nearly 20°, and thus raised to S4° Falir. 
At present the smnmer of the northern hemisphere takes place 
when the earth, being nearly at its greatest distance from the 
sun, is about to pass through the aphelion on the 2nd of Jidy, 
only 11 days after the summer solstice or longest day. The heat 
of the summer is thereby moderated ; bat its duration is length- 
ened, as the motion of the Imuinary is slower in the more distant 
part of its course. In the northern hemisphere the length of 
summer exceeds that of winter by 7'8 days. Thus the (quantity 
of heat annually shed on both hemispheres remains constantly 
the same, every variation of temperature being exactly compen- 
sated by an opposite variation in the time allowed for its continti- 
|-imce. But though the annual quantity of heat be constant in 
Vltith hemisphereSj, its distribution is effectively ver^" unequal. In 
the hemisphere whose summer is in aphelion and winter in peri- 
helion, heat and cold are both moderated ; where summer occurs 
in perihelion and winter in aphelion, both are felt in excess. In 
Australia the addition of a fifteenth to the mean amount of 
solar heat is at times very sensibly felt. In February l^S'SS, 
and in lat. 37° 58', not far from Melbourne, the heat of the sun 
under a clear sky rose to 146°; and the inhabitants of that 
country still remember a " Black Tbursdny," of previous date, 
whgn men and cattle were compelled by the scorching rays of 
the inn to seefe refuse in the water. On the other hand, the 
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protracted winter adds much to the severe oold of North 
America. 

But the inconvenience arising from the unequal distribntion 
golar heat throughout the year nmj be greatly aufrniented hy 
icrease in the ellipticity of the earthl i-orbitt which in a long 
course of years undergoes much chango. Moreover the earth's 
annual oourse is constantly shifting ita posjtion by beginning 
and ending at difforent points of the orbit. The solstitial line 
passing through the sun joins the solstices or points in "'hich the 
eun fippears to stand at midsummer and midwinter respectively. 
At right angles to thia line, and likewise passing through the 
Bun, is the line which joins the equinoxes. Now these linea, 
though they tonninate in the orbit, have no felution to of de- 
pendence on its major axis or the line that joins the perihelion 
and aphelion. At present the aphelion, as already stated, is but 
a few degrees from tlie summer solstice^ and the perihelion near 
the winter solstice. But in consequence of the precesision of the 
equinoxes the solstitial line constantly moves backwards, retreat- 
ing slowly from the axis of the orbit at the general annual rate 
of 50-1 seconds. At this rate it would go romid the orbit in 
25,868 years ; but the axis at the same time movo& etili more 
slowly in the opposite direction, thus accelemting the rate of 
their separation. Let A P (tig. 122) represent the major axis 
of the orbit, joining the aphelion and 
perihelion^ and S S' the solstitial pointa, Kg. 122. 

near the preceding, as they actually are 
atpresent. The winter solstice (S) moves 
ftway from A so slowly as to advance 
barely a degree in 58 years. It would 
thus require 25,8^8 years to complete it^ 
eourso to A. But in the mean time the 
Latter poiut moves away from 8 still 
more slowly, and meets it at A'^ so that 
the time required for the revolution of 

the solstice S from aphelion to aphelion is thus reduced to 
20yt)84 years. Tho equinoctial line E E making always right 
angles with S S', moves ^vith the latter, its motion on the equator 
being namocE the precession ef the equinoxes. 
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It is obvious that Id the course of the revolution thua Jt^scnbed 
the oqainDXOs must at aoiue tinio come to coincide with the ex- 
tremities of the major axis, or with the aphelion and perihelion. 
If this haiiijervs in a period of great eccentricity, its result will be 
an increaae of the animal beat ; for the orbit, when elongated, 
being also narrowed, the sun's distance will be reduced for mQch 
more than half of thejear. The extreme temperatures of summer 
an d winter also will then be shared alike by both hemispheres. 

Together \vith this change of the earth's position in its orbit 
(the directions of its axis of revolation remaining constant) must 
be tiiien into consideration also the inevitable change in the 
orbit itself. The limiU within which the eccentricity of the 
orbit may fluetuatt- have been found by M. LeTemer to be "0031 
and '7775, or from a 3CK)tb to nearly a 13th. ^at astrono- 
mer bus investigated the whole cycle of orbital changes* and 
framed formula! for their culcuktion. With thL-so forranlse Mr. 
James i,'roU has calculated the eccentricity at intervals of 50,000 
years for three millions ofyear^ anterior to 1800,and for a million 
uf veoi^ in advonoo. 

The following short extract from the Table thus formed wilj 
suffice for our present purpose : — 
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At the earliest of those dates it will be seen that the orbit 
hanlly diifered from a circle, its eccentricity being little mori; tJian 
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a 200tb port of its mean diameter ; but 50,000 ycara afterwarJa 
it incroased to a 15th. Again, in another 50,000 years it fell to 
about its preaent magnitude (a 60th), and then after a liko 
interval rose to a 14th. 900,000 years ago it fell low ■ but iu 
850,000 it bad increased to nearly its extreme limit. After an 
interval of 100,000 years tbo eccentricity attained the magnitudu 
of -0576 (about an 13th), and again, 200,000 years before iJ^OO, 
it rose to "0569. Looking to tho future, we find that the eccen- 
tricity will first become congiderable in 800,(>00 years ; it will 
then be '0G39, and in 900,000 -0059, or a 14th part of the mean 
distance. 

It 13 evident tliat as the eccentricity of the orbit increases, so 
do also tliD extremes of climate in the hemisphero of the earth 
vbicb has its anmmer in perihelion and its winter in aphelion. 
Its summer is abridged but exct^^sively hot, its winter pro- 
longed and very cold. The effects of heat do not accumulate from 
year to year, while those of intense cold are sure to aujjment witli 
time. The hemisphere whose summer takes place in nphclion 
and winter in perihelion esporionces an equalization of tliosu 
two seasons. Now the increased eccentricities of the orbit whiuli 
occurred at the second, fourth, and sistli dates in the preceding 
Tjible were capable of bringing about the extreme revolutions of 
climate, the traces of which at present astonii^h tljc geologist. 
About tf50,O0O years anterior to 1800 the length of winlt^r ex- 
ceeded that of summer by 34-7 daya ; tho dcicreaao of winter tera- 
[herafure was 45'^'3 Fahr. — tliemean winter temperature of GreuL 
Britain, now 39°, being then only — O^'S, about equal to fliat of 
Kovaya Zomlya at tho present day. Thii Gliieiid pi-riod, therefore, 
might be assigned to any of those dates. Kut Mr. Jume^^ Crolt, 
whose statements and conelubions are here smiimarily reeountod, 
docs not deem it expedient to carry back the Glaeiul period, of 
which the remaining traces show it to ho geologically recent, to a 
di:itance of nearly amillioa of yoars» As thy physical cause of tho 
oriouialons coW and glaclation is alone tho sabjeetof our ni(|niry, 
ami not its date, we shuU adopt Mr. Crolt's decision, though 
zealous getvlogisU will probably dissent from it 

It appears that ftjr 50,000 years, Irom 230/100 to 180,000, 
]jrevious to 1^00 the eccentricity of t!io orbit was never loea 
than 0470. At "the date o( 210,000 it rose to 0575. Tlie dc- 
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preasion of midwinter teniperatnre was thea 37°'7 ; the tempe- 
rature of ■ninter in the British Isles sank to l'^*7, or abore 30° 
below the freezing-poiDt, AH the hntnlditj precipitated from the 
atmosphere in such a tenif»eratnre fell of course as enow. All 
this snow bad to be melted In the following brief summer, before 
the temperature could rise above the freezing-point. Tbns the 
smmaer^ already shortened bj the figore of the orbit, was virtu- 
ally still farther abridged, and was followed by a more copious 
fall of snow, which cooled stil] more the following sumnior. In 
this way the snow, bj its permatience, gradually encroached on 
and dispossessed the sommer^ and then began to accamnlat« &oro 
vear to year. 

Kow, according to Mr. Croll, this snow fell heavily and re- 
]tiained throughout the year uumelted down to lat^ 55*^. Its 
jepthj he thinks, waf at the pole not less than 6 (perhaps even 
24) miles ; but at the same time be is willing to reduce it to two 
miles. This great quantity of snow, it is evident^ must be con- 
sidered as taken from the ocean to be annexed to one hemisphere. 
Bat thus added it increases the gravitation of that hemisphere, 
caoses the centre of graWty of the earth lo be shifted towards it ; 
and consequently the ocean too follows in the same dirocUon^ 
and rises higher in the snow-laden hemis{>here. Its incr^afiCNJ 
depth^ de}}ending on the quantity of snow^ could not, our autfaor 
believes, under the assumed conditions, be at the snow-laden pole 
less than^4H5 feet : but he evidently thinks that, in fact, it rose 
much higher- We have seen that a period of great eccentficitr 
may continue for 50,00<3 years. lo little more than half that 
time both hemispheres of the earth experience all the citremes 
of heat and cold attending that condition of the orbit. In general 
high and low eccentricities alternate witbin the period jtut men- 
tioned. The ocean, ther¥>fore, must bo constantly thungh slowly 
changing its position on the globe, passing from the more tem- 
pemto hemisphere to that of extreme d)mat4>, which, having 
ita winter in aphelion, mnst be loaded with enow. To this oscil- 
lation of the ocean Mr. Croll ascribes the numerous sedimentary 
strata of the Tertiarv formation, thus expl.^inirg by the changing 
level of the ^ea what is generally attributed to the sinking amj 
riding of th*- land. He also refer? the coal formations chiefly to 
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the GEacial period ; and the argumente adduced in support of Wa 
views are fully as well foundod and concluaive as any that serve 
to uphold the current doctrines of J^wlo^. But these questions, 
having no connexion with physical gcopr.iphv, need not he here 
discussed. It ought to he added that Mr. Croll, while arguing 
that with a highly eccenb-Jc orhit the hemisphere that has its 
wint^^r in aphehon may prohably have an accumulation of anow 
12 miles in height at its pole, maintains also that the antarctic or 
south pole of the earth prohably had at present about its polo 
snow heaped to the height of two miles. But if so it must 
increase the attraction of gravitation of the southern heoiisphere ; 
and as that must act on the atmosphere, the barometer ought to 
rise as it approaches the south pole. 

In order to remove all obscurity from these speculations, so 
novel in their completeness, they shall be here very briefly reca- 
pitulated and illustrated as to their salient points by means of 
diagramsj representing side by side the successive modifications of 
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the orbii. The first column of figures gives the date from 2,590,000 
years before the present century to the year 1800 a.d., or the 
close of the last ^century ; the second, the eccentricity of tlie 

orbit in the decinml^fraetion of mean distance- The third column 
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sbows the depression of midwinter temperatnre rauseJ Ity the 
increased diatanco of the sun in the heiuisphero wliusc wiater is 
in aphelion ; aiidj lastly, the fourtii states the mean midwinter 
tempenLture of Great Britain, calculat^^d for each condition of the 
orbit (% 123). 

In the earlier periods of great eeeentricih- there miist have 
been extreme cold and extensive glaciation ; but the snrfaoes 
tlint witnessed the desolation of those ag"es are supposed to have 
been long since obliterated, bnned, or washed awuy. Evidence 
of tliose distant visitations may perhaps still bo found by palaeoo- 
tologists in fois&iU of the Miocene and PlioccBe ages- Rut the 
glaciation of which the proofs still remain conspienous in striated 
rocRs, momincs, bonlderg, &c. must be assigned to a much later 
dat*, perhaps from 240^001) to 70,000 anterior to the present 
centnry. 

Having thus stated the views of Mr. CroII (^■iowa founded on 
exact kiiowk-dge and ingenious reasoning) we luive now to con- 
sider to what extent they must be accepted, or what abatementi* 
they may require on account of the zeal of prepossession witli 
which they are advocated. 

It is, in the first place, difficult to believe in the existence, 
under any circumstances, of snow^ or rather of ico (for snow in 
Ijreat quantity being compressed becomes light ice at no gre^it 
distance below the surfac*), heaped to the height of 12 or even 
of 2 miles. When the northern hemisphere has a long and very 
cold winter, it has also a very hot though shortened smuuuT. 
Its humidity in winter is drawn chiefly from the southern hcnii- 
sphrj'G. There the Increased length of the summer does not 
compensate in its evaporation for the moderation of its tempera- 
ture. The moisture borne from the soath is precipitated in tlit* 
form of snow as soon as it meets a freezing temperature — that is, 
long l»efore it reaches the pole. It is quite certain th.it far tlio 
greatest portion of the snow that falU to forjn the supposed icc^ 
cap must be precipitated on its outer limits. Ttjis, indeed, ta 
admitted by Mr. Croll, who, however, ingeniously argues tluit 
while the fall of suow decreases towards the pole, the area un 
which it descends decreases in a still greater ratio, and therefore 
the snow must lie tliicker. But this reasoning shuts out from view 
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tlie facts tlint the north potf is in tlio niitl^t of n non which must 
be all frozen before it can be covorwl hyn cuntinuotiij ice-cup, and 
tlint tho sea in question communicates with the equntoria) ocean ; 
and as to the ditficuUj' of the accumulated snow eacajMng by 
tiKiltin/r and making its way in tho fluid state to lower latitud'*?, 
hfiw cHTi it im seriously nrjjcd by one who believes with Mr. 
Mi'Rch that at the uorth pole in iJuly solar heat is more intense 
t)ian lit the ettuator? 11' water am cut deep viillevB in the 
hurcU'st roeJvs, why should it l»e unable to work a pawsage thronph 
ice and snow ? It would not be unreasoaablo to conjecture that 
tbe cfild current whicbj issuin;; from the soiitb-polar &ea, tnrnsi, 
ointrarv to the general law, to the right instea^l of tlie jeftj ami 
striki'-s on tlie we8t«m shores of 8outh America, owes ita origin 
to a great river of ictL-eoM lA-at^^r, fed by glaciera nhotit the 
Bonthern pole and discharged into the oc«an by an opening t'adng 
the north-east, 

Ui]t, Bf-eondly, it eannr>t Ix* donbteil that the formation of a 
polar icLSH-ap, two niilea high and extending to the 55th parallel, 
together with the consequent transfer of the oc*an and of the 
earth's centre of gravity some distanc-e to tbe north, would mate- 
rially change the precession, and thus throw into utttT confusion 
tbo ealeulatious of Mr. Croll^ who, tlunking to set hiiS specn- 
lations in M. Leverrler's framework, intrwluceH conditions which 
that astronomer nercr dreamt of and irneoneilable witli his 
eonelusiona. This does not merely affect the dates of tbe orbital 
t'hunges, hut tends, by a dilferont combination cf complex cjiuses, 
to produce a t^>tally altered series. Consequently Mr. Croll's 
calculations as to the time and succession of the extreme statea 
of orbital eccentricity must be all more or iesg incorrect. Thcao 
defects in matters of detjiil, however^ can hardly he said to im- 
pair the genenil correctness of bis views. To him belongs tho 
praise, first, of fully and dearly demonstrating what others 
had vaguely suggested — namely, that tbe pawt revolutions of 
climate traceable on the earth are explieaMe by tho changes of 
tlie earth's position in her orbit, and of tbe figure of that orbit, 
"that tjilvc place after long periods of years ; ?i?condly, of sug- 
gesting the cauBo of reenrring allerutions in the level of tlie 
sea, to which may Ik; aaerihod the numerous sedimentary de- 
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posits of the Tertiary formation ; and thirdly, he has had the 
courage to tondemn Sir Charles Ljell's doctrine of uniformity, 
generally received by geologists, which teaches tis that change 
and progress on the ^-arth h:ive from the beginning always 
marched at the same maturely grave and steady pace as at the 
present day, although he nnfortnnately adopts that principle 
when he would calcniate the reenlts of denudation. 

Here it may be remarked that some disposition to exaggerate 
the possible inclemency of a winter In aphelion is natural and 
pardonable in one who is int«^nt on explaining what is ordinarily 
describetl with esaggeration. The glacial age is always spoken 
of as a period of intense cold. It was, in tmth, a period of very 
abundant snow ; and snow may fall from an atmosphere satarated 
with humidity at a temperature low indeed, but far short of 
intensity. There is cold enough in Eugl&nd every winter to 
cover the country with deep &now, if only the cold were accom- 
panied by copious precipitation ; but that now rarely occurs. In 
the glacial age, on the other band, there never perhaps was a dry 
atmosphere, and what ia now called " a black (i. e. snowless) 
frost" never occurred. The precipitation probably always ex- 
ceeded the evaponition, and the ocean was still increasing. In 
fact the chief peeuljaritj of the glacial age, compared with the 
present, was Its abundant moisture. A specimen of its character, 
no doubt somewhat mitigated, may be seen on the western coaat 
of South Americaji south of the Chiloe Islands, where the vapour- 
laden north-west wind from the equator strikes on the wiuthem 
continu.itiun of the Andes. There the valleys are filled with 
glaciers, and the incessant snowfall covers the whole coimtry 
from the summits of the mountains to the seashore ; while a 
Httle further south, or nearer the pole, at Magalhaen's Straits 
(where, apart from the snow, the climate, though dner, is moro 
severe), the humming-bird ie seen flitttng through vigorous vege- 
tation- When the northern hemisphere of the earth 800,000 
years hence, again with a gr«it ecoentrlcity of orbit, has its 
winters in aphelion, it wiU assuredly have much less snow than 
fell on it 850,000 years ago ; but on that verj' account it will 
have to endure a far more afflicting degree of c-old. 

In the preceding pages it has been assumed that the most im- 
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portant periods in the development of the earth — periods to which 
geolo^>;ts have given no attention (namely, those in which 
the atmosphere precipitated in the fluid form all the v.tpours 
originally contained in it, and in whieh the ocean was col- 
lected and ^ew till it covered three fourths of the surface of the^ 
globe) — were prolonged to a comparatively recent geological ngo, 
and that until they terminated the natural forces ojienidng on 
the earth were as yet incompletely halanced. Between atmo- 
sphere, land, and ocean there atill remained some variance oa 
ta limits. Torrents were then a« numerous as riviilete are 
now. The sea change*.! it^ level freq^uentlj- and irregularly ; the 
atmosphere, giviug up its impnritie&, underwent an important 
alteration by loss of weight. When all was at length adjusted, 
when the snn alone deburmiued tompernturej when the atmosphere 
supported only the vapour permitted by that tenijierature (preci- 
pitation being confined to the limit of evaporation), and the ocean 
had found a settled boundary — when, in short, the terrestrial 
Bystem bad attained a condition of stability, — then, and not till 
then^ did the natural phenomena of the earth follow in a regular, 
equable succession, and uniformity began. 

Of the changes that have taken place in the relative levela of 
sea and land there is abundant evidence. Of those that have 
affected the atniosphero the proofs are leas obvious, but by no 
means wanting. A diminution of the weight of the atmosphere 
may he jnatly inferred from the fact that extinct speciea of 
animala, as seen in fossil remains, appear to have been collectively 
created on a larger scale than the corresponding species at 
present existing, lloavy animab were relatively more numerous, 
and weight rather than agility characterized the figures of all. 
Domesticated animals, increasing iu siae by care, must of course 
bo exoluded from the comparison. The connexion between thefiijjQ 
of animals and the weight of the air is easily explained. 

When bodies differing in size but with eirailar figurcfl are 
compared, it is seen that their surfaces vary in the duplicate ratio 
or as the squares, of their linear dimensions. If the lint; a h 
Iw half of the line a c (fig. 124), or in the ratio to it of 1 to 
2, then the aqiiare of n 6 {n b m f) will be to the square 

2b 
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of a c (arng), a siniiJar Hgure, in the dupli- 
cate ratio of 1 to 2 (i.e. as 1 to twice 2, 

or 4). X£ a b produced to d he three times 

tiie length of the former, then the square of a d 

{ad I h) wiil be equal to 3 times 3, or 9 times the 

aqtiare of a h. This holds true of all similar 

figures. If, therefore, two imimok of different 

sizes hut like proportions be compared^ the sur- 
face of the greater will exceed that of the less ia the duplicate 

ratio of that sabsisttng between their lengths. 

But, again, similar figures with change of dimension increase 

in bulk or volume still faster than in surface. The cube of a b 

(1) is to the cube of ac (2) (fig. 125), 

not as 1 to 2x 2 (4), >>ut as 1 : 2x2 

X 2 (8) ; and Mad were Stimea a h, its 
cube would Iw to that of the latter aa 
3x3x3(27) to 1. 

Thus it appears tliat if a body in- 
creases in dimensions its volume and 

weight increase still taMter than its surface. The surface will be 
ad the square, it3 volume ae the cube of the single linear dimen- 
sion. If the linear dimeneion be 4, the surface and volume will 
be respectively as IG and 64. Now the pressure of the atmosphere 
(nearly 15 lbs, on the square inch), to which all bodies on the 
earth are subject^ acts wholly on the surface ; it beoomea pro- 
portionally less effectiTe, therefore, ae a body grows more massive. 
Tlie air offers aome resistance to the motion of bodies through it, 
and tiiia resistance increases in the duplicate ratio of the resisted 
velocity ; consequently a limit is thus set to the possible velocity 
of any body passing through the atmosphere ; and this limit is 
the sooner arrived at the greater is the proportion of the body's 
surface to its weight. Inseeta with numerous slender members, 
exposing much surface and with Httle weight, receive much 
support from the air and are never hurt by falling. They are 
formed to bear and to profit by a relatively great atmospheric 
pressure. Their chief scn3e ib probably that of aerial vibration. 
The activity of the flea, compared with that of the elephant^ has 
often been cited as worthy of admiratioD. The fiea can leap at 
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least a hundred times its own length ; but then it must be con- 
sidered tliat if an dojihant were to leap like a flea it woold. bo 
<Iaahi?d to atoms on reacliingthe ground. The compression exer- 
cised on aninial tissue is obviously necessary to give it firmneaa ; 
but it acts most effectually on thin substances ; and, consequently, 
of two animals alike in all respects except in size, tlie smaller 
wiU be the bettor braced. 

From what precedes it must follow that among tbe natural 
conditions which determine the structure of an animal ia its 
adaptation to the weight and pressure of the atmosphere. As 
the air itself has weight, it buoys up to some extent the body 
it surrounds, the weight of the body being lessened by that of 
tbe air displaced by it, and more, therefore^ the heavier the air. 
Consequently if a cL-vnge takes place in the weight of the atnio- 
spberer tbe animats exactly adapted to tbe natural conditions of 
their existence in the original state of the air are no longer in 
harmony with it in its altered state. Under a vety heavy atmo- 
sphere the elephant would feel relieved of much of its weight 
and become a comparatively active animal. Underan atmosphere 
of reduced weight, he would become heavy and relaxed. Under 
a moderately increased weight of atmosphere a small spider might 
be unable to fall, and therefore could not weave its gossamer. 
Such changes of natural conditions would cfLuae in individuals 
loaa of health and altered constitution ; in the species a change 
of type. The elephant, framed originally under a heavy atmo- 
spherej would necessarily, under reduced pressure, Buftcr loss 
both of size and activity, his overburdened limbs growing more 
clumsy. Tlie game reasoning applies with little change to all 
that moves and breathes in the atmosphere, and may ser\*e to 
account for tbe gigantic scale suited to a heavy ntniosphere, 
and so often exhibited in the relics of past creations. 
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CHAPTER XXX. 

The raceived views of Creation, — The Earth not at firat liquid. — The Origin 
of thaOceaQ flpdof Mi?uHtMaa,-^DeDudfltioD, — VulcanoBe incidental anl 
not permftnent, — Subsidence and Rise of Land. — The Natural H_vpotliB- 
eis of Creation, — ^The gathering" of the Ocenn. — Fracture of tbo Earth's 
Crust — rtB canaeq^uencea. — Change of Level attributable to 'Uis Ocenn. 

Whjle phyeical geography treats of the natural pbenomenti of 
the earth and tJieir various modifications avar its surface, 
geology coafines itself to the materia! structat-e of the globe ; 
but tbongb these two branches of study follow distinctly tlitForent 
paths, it may y&t be expected of them that they wil] agree iu 
recognizing the same code of natural laws ; for why should it 
not be supjiosod that the system of law which now governs the 
world 13 that iinder which it was created.? It is worth while^ 
therefore^ to inquire whether some conclusions adopted by 
geologists have not a character widely difl'erent from that of the 
demonstrated laws of the universe. 

It is now generally assumed that the solar system was formed 
from uebnlar mattei' in the manner described by Laplace, a great 
nebula^ thinly sj.read over the whole area now occupied by that 
system, being reduced by gravitation and revolution to the sun 
or central body and the planets revoKing round it in elliptical 
orbits. This conclusion was the necessarj' consequence of view- 
ing CO mprehe naively the motions of all the badiys iu the system 
and of retracing those motions to their origin. The most remote 
planet, Nt'ptune, was first formed ; then Uranus^ Saturn, Jupiter, 
&c. ; till at last the condonsation reacjied the centre, where the 
predominant attraction remained fixed- Tliu? time elapsed in 
the successive formation of the planets ; and as the production of 
the whole sysfcera was not instantaneouH, so neither is it necessary 
to suppose that any single member of it was formed instantane- 
ously ; such production would be pronounced by a chemist 
impossible. 
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It is stated in geological treutiaee that the aarth^ wlmii it tirst 
took ita place as u plaiiet, was a liquid globe, ha™g been fused 
hy the heat attending its reductioD from the gaseous state ; but 
Bischof has painted out that the hent generated hy its conden* 
sation (supposed to bo instantaneous) would be sufficient to 
voluttilKti and dit^pi^rse oil its tnat«riats. No reason can be 
assigned for attributing to it the heat of fusion. In order that 
it should take the spheroidal figure, it was not aecessary that it 
should he fluid. There remains no trace on the earth of its 
original fused couJition j but a wrong hypothesis tends to 
exclude the truth. Since aerolites are continually falJiog on tlie 
earth, why might the v not have tullen in the first instance? 
Why niay not the eartb, at least the exterior part of it, have 
been formed of mineral particles solidified before they met to 
form a globe ? If we inquire what is sand, we are told that it is 
quartz or aome siliceous rock ground to atoms ; if we asik what 
is clay, we loam that it is felspatb or sojue aluminous rock 
trituratetl and rednced by friction. We thence conclude that 
hard rocks preeedeil sand and clay. »But, again, if we seek to 
learn the origin of Lard rotks, we are iuiomied that they are 
composed of imrtidea of silox or of day cemented together and 
hardened by compressioji. Here, then, the sand and clay pre- 
cede the rocks. On such infirm ground there can be no base fur 
reasoning. Let us assume, then, as the simplest and most natural 
hypothesis, that the earth was in the first instance strewed over 
with mineral particles of all kinds and sizes, not compact nor 
compressed, but tolerably even, the heavier kinds below, the 
lighter on the surface. 

It is natural to suppose that the earth, formed by revolution 
and the attraction of gravitation, was in the beginning a perfect 
spheroid, as symmetriciU as if it had been turned in n lathe-. 
Moreover, owing to the excessive heat attending its solidification* 
there could not have been any permanent fluid on its surface. 
This naiist be admitted by all who believe that it once existed in 
a statu of fusion. If, then, it began as a spheroid perfectly dry 
and symmetrical, how are wo to account fur it^ present inequali- 
ties, its high mountains^ and its deep ocean? As to the origin 
of the ocean, geology is strictly silent : as to mountains its in- 
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formation is aimbiguous or equivocal and altogether imsatisfactory. 
Where there are no signs of eartliquafce or volcanic actions, some 
hold that mountains grew up or were gradually raised 3 others re- 
gard them as relics of the original plain, the rest being swept away 
W denudation. Geology starts from a period long subsequent to 
the creation, and tells us that: in the beginning there was land and 
Bea as at present, though otherwise distributed ; that the con- 
formation of the earth's surface has been continuaUy undergoing 
and etill undergoee important change, the land being worn 
down by denudation and swept into the deep, while volcanoes 
and earthquakes raise new land from the ocean. But it is 
asserted also that, independently of denudation and volcanic 
eruption, the work of change is carried on by subsidence of the 
land and by its emergence again — an unaccountable, irregular, 
lawless agencyj which, however, serves to explain the successive 
formation of the stratified rocks. This slow and imperceptible 
sinking and rising of the ground (quite distinct from the riolent 
eflfects of earthquake Jind denudation, though frequently con- 
founded with them) fonjjs the most indispensable and at the 
same time the most incompreheusibie article of the geological 
creed. 

The effects of denudation, we are told, are calculable. The 
land is worn away, and has been wearing from the beguming, 
at the uniform rate of at least a foot in 6(KX) years. This is 
deduced from the growth of the deltas of the Mississippi, Ganges, 
and other great rivers. Then, again, the waves of the sea we^r 
away the sea-coasia. In some places large tracts of sea-shore 
are annually carried off ; but all these instajioes fail to prove a 
uniform and indefinite impairment of the land. Rivers wear 
down their beds j the more deeply these are cut the less is the 
waste caused by inundation. The violence of a flood depends on 
its velocity and the slope of its channel ; but it is continually 
canying down materials, filling up the lower part of its channel, 
and thus losing lis inipctuoEitj'. Tliere are many examples of 
rivers which have bamd up their mouths, and then tei-minating 
in marshes are wasted by evaporation. If they oirry their st*di- 
ment to the sea, they fomi banks or deltas and make additions 
to the laud. Thus the Nile has not washed away Egypt, but 
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has raised and extended it. When the sea ruvagL-s a shore, it 
never carries the detritus to a distance, but api'eada it out in 
front of its former position, and forms a bank or ehoal, which 
nltimately breaks its force and sets a limit to its iiiyasion. 
Thus thp chalk clifFe of Ktnt are everjTvhere protected by the 
Bea-formed low ramparta throwTi ap before them. The beach at 
Deal has been formed by the sea, and is daily repaired by it. 
It is obvious that in all these cases there can be no such thing aa 
Uniform progress. Denudation of every kind tenda to a certain 
point where the resistance becomes equal to the attacking force. 
Its power is always decreasing; and however long it may con- 
tinue^ the sum of its effects is strictly limited. 

We cannot believe that wind and weather wear away the 
hills and plains covered with vegetation ; nor do we see any 
traces of the assigned denudation on the sculptured marbles 
which have been exposed to rain and sunshine for at least 30 
centuries. They appear to have aufl'ered chiefly from fracture 
and attrition ; none of them have umformly lost six inches from 
their surface, and not a few retain much of the original polished 
surface, and ao far ha\e not been worn at all. Surely the snow- 
clad sunuuits of Gaurisaukar and of Chimborazo are preserved 
intact from denudation, and the grassy slopes of the Abessinian 
mountains, 14,000 feet high, are not liable to be washed or blown 
away ; bnt then that awful, imperceptiblo subsidence of the 
ground, which is absolutely required for geological theory, may 
be e:spected in duo time to sink thi*m in the ocean. Well, if 
the subsidence in question does not proceed a great deal foster 
than it has done during the last 3000 years, the cjitastrophe 
attending it is so distant that it does not deserve a moment's 
consideration. 

It is true that Jorullo, in Mexico, rose in u short time to the 
height of 15.50 feet^ and did not fall l>ack again as the i^udden 
products of volcanic eruption usually do- An extensive tract 
along the coast nf Chile was raised 5 feet by an earthquake in 
1822, and again subsidi^ about 2 feet Southci'n Italy furnishes 
abundant proofs of the changes wrought by earthquakes and 
volwinoes. Many ancient roads about Naples lead do«n to th*) 
sea, where they abruptly terminate, the places to which they led 
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Wi»g Dffir licneaib Ar «sv««> Hie Temple of Sen|», 
FoEzaofi, baih U^ afatm Ibe a^ was pIoDj^cd m it to a A-|i l h 

•f 18 feet, aod, witb oolanQu corrodcid l^ manBe bonng-vocBMy 
m mm agun nowd abore die wares. 

When in tiie fmr 79 a,d. Hacnkoeizni ud Pofupx^ii werv 
eferwlH^med widi lava and rolcnnc adm firm Vestmns. ihen 
Kouiiied DO tradition of that tnotiiitahi'$ prerioos enptioaB ; 
jret beoeatb the sul on whicii Hercalanenm was built is a tMA 
lajer of andent lara^ and below that again, 146 feci from the 
^rciKtit surface, a soQ with marks of iadiietzT- But these 
imegnlar fortaitoiis commotionA, which genenWy end in vteva- 
ting die grotmd, hare t^Tidectly no connexion with the alternating 
morementx np and down, hy mcan^ of wlnc& geolo^ete se«k to 
BCCotint for the nnmeroiu series of sedunentanr deposits that 
form the Latf r and Beatified rocks. But 93 the bighfist geological 
aathorittes inform o^ that Tolcanoes are in coarse of extinction, 
and that the cwnparatiTely few which remain in actiritj- are 
incomjiarably weaker than (hose of past age^, it is needles? to 
discDs» their share in the abiding phj8ii:ai sr^^ni of the earth. 

Bat we hare H+iM an array of facts or gtatements to considern 
apparently more difficult to deul with. The eastern coast of 
Bwcdeiif in the Gjalf of Bothnia, is lising, we are told^ at the 
rate of 3 feet in a century. But dnce this movement is con- 
fined within certain limits (for Scama to the ^ath does not rise, 
nor TomeOj, we beliere, to the north), the centre onght to he 
fixed of the arch ihofl formed by the rocky cnist of the earth, 
sapptMod to be 20 or 30 miles thick. The northern shores of 
SiheriB aJflO are said to he riaing, the western chores of Green- 
land to be sinking. From all parts of the earth accounts are 
received of some small vertical movements of sea-coastsj, all in- 
genioasly adapted to the geological opinions in vogae. Now as 
to the nature of these movements, is it necessary or natural, or 
consonant with what we know of physical laws, to impute them 
at once to a very slow and perpetual motion and change of 
iij^nre in the crast of tlie globe ? If rocks be still undergoing 
melumorphoi^is, may they not swell with the chongGj and thus 
rise to fi small extent? May not the ground still imbibe oxygen 
jinct ctilwlr ? If allures he formed of varions strata, may not one 
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or more of the&e be washed out, and thus cause a sabsidenc^? 
Is it certain that gra'S'ita.tion 13 locally constant, or tbat the dis- 
turbed, level of the sea, owing to porsistent winds, 15 promptly 
adjttst^ed? If a man aeea a beim grow 4 int-hea in as many 
days, be is not thereby justified in concluding that it will in ten 
years reach the height of 300 feet- In like? manner there is no 
ground for Concluding that the rising shores of Sweden will 
Attain the height of 3uO feet in 10,000 years. The doctrme of 
tlie rise and the subsidence of land is founded not on actually 
observed facts, but on arbitrary- inferences from suppost-d, nay 
even imperceptible, facts ; for the geologist dwells much on that 
slowness of movement that escapes the perception of all but the 
initiated-. 

The ability and industry by which geology has been t^sed 
within little more than half a century to its present rank cannot 
be overrated ; yet in order to give it the appearance of a science, 
with all things expliuned, Sir Charles Lyell fonnd it necessary 
to adopt some provisional hypothesis ; but though thuH rendered 
complete according to ita firist design, geology may possibly be 
still improved by change of first principles. The doctrine of 
continnjtl, slow^and imperceptible change discrediting experience 
conceals much fallacy, Land^ forsooth, incessantly sinks into 
the sea or rises from it ; yet the ocean shows no eymptom of 
such disturbance, and mankind have no suspicion of the fact. 
But what signi+ies tlie experience of 3000 years or the time of 
history, which is but an incalculably minute fraction of geologiaU 
time? 

Tlte doctrine of uniformity has an appearance of extreme 
sobriety and lulls suspicion ; but it has also the eftect of length- 
ening immeasurably the traceable periods of the earth's develop- 
ment, and it removes beyond the reach of vision the mtmcle of 
creation (for creation was a miracle), and coniines the view 
within the hounds chosen by the geologist. It would, however^ 
be a tedious labour to examine in detail the whole fabric of 
geology, rtJiired as it has been to a great height with cidmindjie 
perseverance and ingenuity. It will bo a more brief, and perhaps 
a more agreeable, course to sketch anew the early history of our 
glol^M*, and to direct attention to some stages of it." de^'elopment 
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wliich have hitherto escaped attention, though obviottslj of the 
greatest importance. 

The ^obe when first formed may be naturally supposed, as 
alr^y stated, to have been a spheroid of perfectly uuiform sur- 
face, solid and drj", its intense heat not allowing any fluid to rest 
npoQ it ; consequently all the water now on the earth, probably 
ill Tolume above 500 millions of square miles^ then floated in the 
atmosphere. But the day came, as the globe cooled, when the 
■water, at a temperature jitfit below the boDiug-point, began to 
falL It immediately seized on the silex, and the ^olntion sink- 
ing in the gromid cemented the siliceous rocks. As lime is 
more soluble in cold water^ the consolidation of the calcareoas 
rocks took place later. Bonbtle&s the fragmeutary mineral snr- 
face, not afi yet compressed, sank in many places under the 
water that poured on it ; where perfectly uniform in quality, it 
formed circular pools ; into these flowed streams from the sur- 
rounding plain ; but as the weight of accumulaied water in- 
creased, the ground beneath it gave way, the poo) deepened and 
became a great lake. It is easy to understand bow, by the 
coEtdDuance of this process, the water constantly collecting, the 
ground sinking beneath it, lakes became seas and seas grew to 
be great oceans. Let it be ooosidered that ihe present ocean 
woold suffice to cover the solid globe, were its figure regular, to 
a depth of nearly three miles, that the rainfall at present jUBt 
equals the evaporation, but that while the ocean was falling to 
the ground it increased only by tlie excess of rain over e>af»o- 
ration, which mider all the eir<;iunstanccs must have been im- 
nieasnrahly greater than at present. It is evident, then, that 
nnifonnity is here totally out of the question, and that the torrents 
of rain and the floods rushing in all directions over the eartii 
during the growth of the ocean had a magnitude and force never 
since approached. As the eea collected, its bed from time to 
time sank deeper ; the level of the sea then fell, but was again 
raised by fresh influx ; and thus the ocean in the course of its 
formation, which may have lasted for thousands of years, ha» 
stood at many leveU. It may hare been much higher than it is 
at present. 

The most remarkable and di^tiiigiiislmble [tenod in the earU 
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Itistory of the globe waa that which embraced the gathering i>f 
the waters. That was manifestly the age of denudation. It was 
then tliat vaUeys, miles deep, were dug out by the vuahiug 
floods, and that drift and detritus of all kinds were spread far 
uiid wide. Nor was tliia all. The gea-bottom, it is now ascer- 
tained, sank in some places above five miles. Its ca\nries are 
noW' for the moat piti't concealed by sedimentarj^ deposits ; but 
it can hardly be doubted that this sinking was in many or even 
most cases attended with fracture of the earth's crust, so that the 
flood rushed in to encounter the intj^nso beat of the interior. 
The overpowering force of steam thus called forth tlirew up the 
fractured rocks to a greiit height ; Oiuthquakes changed the face 
of the earth, and vo!ca,noes arose pouring out melted lavas, and 
proi-ing that communication still exi&ts between the fires of the 
interior and the surface of the globe. 

\VTien the main lines of earthquakes and volcanoes are com- 
prehensively surveyed, it seems impossible to doubt their con- 
nexion with the sea. They mark out the shores of the Pucific 
Oceim with little interruption throughout. The Cordilleras of 
the Andes and the Hocky Mountains of North America appear 
to have been raised by volcanic force. The wide atrip of land 
between those mountains and the sea. was apparently upheaved 
with them, or farmed from them by denudation.* The Aleutian 
and Kurile Islands, with the peninsula of Kamchatka, are all 
volcanic. Proceeding along the Asiatic coast we find volcanoes 
in Japan, Java, and Sumatra. Further on they appear in the Hed 
Sea and, on the eastern side of Africa, in the Comoro Islands 
and Madagascar. Going westward we find them in the West- 
Indian Islands^ as well as on the shores of the Caribbean Sea 
and of the Gulf of Mexico. In Iceland, the Mediterranean Sea, 
and the eastern side of the Black Sea (in Caucasus) they assume 
formidable proportions. Volcanic cones are profnsely scattered 
over the ocean. Volcanoes at a great distance from the ocean 
are comparatively very few and inactive. They may have been 
reached by cavernous passages from the depths of ocean, or 
inland seas now dried up (.ts in Turkestan) may have existed near 
them. Here it may be remarked that volamic activity admltj; 
of many expknations : there is, however, but one thai accords 
wi(h their almost constant contiguity to the sea. 
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rinlwfil ilwiD be »d that the aoooont givMi ia tfaepnee^g 
pafpM of Ae fimmtioD of tie «cean ^ai its eSects is bat a wovit 
of Imi^, bmiig ao valid J wmtoi ow ; yet it ■» quite Mrtna Ast 
tbe oeeaa, tfaoa|^ aot amlMl a cmtBct w^ the eardi, bpv 
Ik« apoA it, depKHDg ^ (feeplr, aad tliat it bH, ■pinnatfj' ^ 
^■'^*— * aeaMv effected gnait daBgea oo the etf^'s sa^bee. 
Aajr nrtml, madoraed gkaUmta^ of diew &ctB is more iq 
■ooofdnnoe with Imth than tbeir ■np|iitwoim. Tbe moBk mnufc- 
iMir aod orentfal cnw ui Ae Uitorj of our gkbe » jiawfrt 
ovor in «leiioe by tte ^eologiit, who begiiu ht« Ualan- of the 
««ith*# foTttaikm witfa aniformi^ and tbe «liiUi^ied motiAe of 
jutan ; that i» to aoj, he mppoen eqailibriain to be cstiUished, 
the eobflict of natoraJ forcea being ^ an eod, umI Ifae euth's 
iiyiteta complete, jwd jet affects to stui frcoi the beguming. 

Tbe stmcAgre of the earth, so far a» it b reTeoIed oo or near 
the mr&ce, U fonght to be explained bv two agen<defi ; 1st, 
6eaMida&m m wear and waste, the scooping oot of vallers and 
«|ire«£flg of plain(« at a nnifonn rat« and withoat limit of time. 
Bal Ui thi» pootnlate of anlimited time lurks roach sophistry, 
for it exclodc* or dispcfwes with actual experience. If we 
flwleiiToar to retrace this denodation, calcaUted with 90 much 
c»nfidencc, tbe rtate of things at the IjcgfoDiDg seems qaite in- 
uuniprefa<*Dsible. Tbe age of tbe c^rth, reckoned from the date 
of the metaniorphic roclu, i^, according to the highest authorities, 
(H-rliap9 3(K) millions uf vears. Now denudation proceeding 
iiiiiformly during that time at the rate of a foot io COCK* jeare, 
mnnt Iiave lowered the earth by 50,000 feet, or more than nine 
milei. GntiriKaukar most have becD originally 11^ miles high. 
If alt tlial waste has snnk in the ocean, how anlike to a regolor 
Hyinmirtricul sftheroid mttfrt the eiirth have been when new and 
nnwoni. K4)mc would nowlintit its age to KlO millions of years. 
rtHhiptng our emhamBsment to one third ; Imt that 19 stiU loo 
much. 

Again, fltircesftive Htrata of difft-rent kinds are accounted for 
by the subsidence of bind ; it thinks beneath the sea to re- 
eoive it* load of aedimentT as the camel drops on its kuoefi, aud 
then risnji ; bnt, more piilient imd aceommodnting th:in the camel, 
it takci* ii» Tiiany lotuli) 11.^ thr gfolmgist h [ilen-'^ol lo im|iose 
on it. Thin aiviiitiplion of l}ie nnllmiteil cinking and rising of 
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luud IB plausible and convenient, but it ia inexplicable and 
unproved. 

But is it not evident that the changes of level now gonerallj- 
ascribed to tbe land may as well be attributed to the sea ? The 
ingenuity and perseverance which have done so much with an 
assumption which has no merit but that of satisfpng the exigency 
of a theory, could not fail to succeed with a substitute which is 
real and rational. In referring changes of level to the sea they 
would have tbis advantage^ that their investigations might enable 
them to test the jtiatnees of their conclusions* The shiftinga of 
the ocean described in the preceding chapter would cause 
changes of level increai*tng with latitude. Let,, then, the eoa- 
m&rks on rockS;, raised beaches, strata of marine character, &o. 
bo noted from Portugal to North Cape, from Brazil to Cape 
Hoorn, and on the coasts of Now Zealand ; and if they be 
found to rise towards the poles, then they mnat evidently record 
the changed level of the ocean. Of course the testimony of 
coral islands must not be neglected. But. cases may occur of 
coral islands above the level of tlie sea, and near the equator, 
which must be considered as remaining from the age when the 
ocean had not yet sank to its present bed. 



THE END. 
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